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Abstract

Ultra-processed food (UPF) intake is associated with increased non-communicable disease 
risks. However, systematic reports on sociodemographic predictors of UPF intake are lacking. 
This review aimed to understand UPF consumption based on sociodemographic factors, using 
nationally representative cohorts. The systematic review was pre-registered 
(PROSPERO:CRD42022360199), following PRISMA guidelines. PubMed/MEDLINE searches 
(‘ultra-processed/ultraprocessed’ and ‘ultra-processing/ultraprocessing’) until 07/09/2022 
retrieved 1,131 results. Inclusion criteria included: observational, nationally representative 
adult samples, in English, in peer-reviewed journals, assessing the association between 
sociodemographics and individual-level UPF intake defined by the NOVA classification. 
Exclusion criteria included: not nationally representative, no assessment of 
sociodemographics and individual-level UPF intake defined by NOVA. Risk of bias was 
assessed using the Newcastle-Ottawa Scale (NOS). 55 papers were included, spanning 32 
countries. All 13 sociodemographic variables identified were significantly associated with UPF 
intake in 1 studies. Significant differences in UPF intake were seen across age, race/ethnicity, 
rural/urbanisation, food insecurity, income and region, with up to 10-20% differences in UPF 
intake (% total energy). Higher UPF intakes were associated with younger age, urbanisation, 
and being unmarried, single, separated or divorced. Education, income and socioeconomic 
status showed varying associations, depending on country. Multivariate analyses indicated 
that associations were independent of other sociodemographics. Household status and 
gender were generally not associated with UPF intake. NOS averaged 5.7/10. Several 
characteristics are independently associated with high UPF intake, indicating large 
sociodemographic variation in non-communicable disease risk. These findings highlight 
significant public health inequalities associated with UPF intake, and the urgent need for 
policy action to minimise social injustice-related health inequalities.
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Introduction

The global prevalence of obesity and adiposity-related non-communicable diseases has 
greatly risen in recent decades, with 2 billion adults now living with overweight or obesity (1), 
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compared with just over 100 million in 1975 (2). An increasing concern in relation to rising 
levels of obesity-related disease has been the nutrition transition during the same time 
period, away from minimally processed foods (MPF), and towards greater consumption of 
ultra-processed foods (UPF) (3). The most commonly used food processing classification, but 
not necessarily the most validated, is the NOVA classification (not an acronym). As defined by 
NOVA as foods made using extracts and components of whole foods, UPFs typically contain 
five or more ingredients, produced using industrial methods and ingredients not used in the 
home, such as bulking agents, emulsifiers and additives (4). The nutrition transition and rising 
sales of UPFs has been driven by economic development, with urbanisation, shifts in 
workplace dynamics, expansion of multinational corporations, and with rising income levels 
at the national and individual level (3,5). As such, UPF sales are increasing around the world, 
with sales in middle-income countries (MIC) rapidly rising to the levels sold in high-income 
countries (HIC) (6,7).

Higher intakes of UPF are associated with a range of adverse health outcomes including 
obesity, type 2 diabetes, cardiometabolic disease and all-cause mortality (8,9). As a result, 
health organisations and national dietary guidelines including the American Heart Association 
and Brazilian Dietary Guidelines recommend limiting UPF intake (10,11), and calls have been 
made for systemic, national and international-level change to support individuals to reduce 
their UPF intake (12). However, to understand the effectiveness of universal strategies to 
reduce UPF intake, or whether regional policy action or targeted UPF interventions may 
differentially benefit certain sociodemographic groups, it is crucial to determine which 
individuals are consuming large quantities of UPF, and therefore who is at greatest risk of 
future health problems. 

Previous reviews and studies suggest that higher UPF intakes are associated with male 
gender, younger age, lower education level and higher incomes (3,5,13–15). However, previous 
studies are subject to a number of methodological limitations. National food balance sheets 
provide a minimalist tool to understand national-level trends in food consumption (16), but 
preclude the ability to consider sociodemographic differences in food intake. Household 
Budget and Expenditure Surveys based on food purchases can be used as a proxy to estimate 
household or individual intakes and allow for sociodemographic stratification, but still include 
biases such as food waste and food loss, and preclude the ability to determine food 
consumption by specific individuals in the household (16). Dietary assessment using food 
consumption tools (e.g. 24-hour dietary recalls, food diaries and food frequency 
questionnaires (FFQ)) are considered optimal measures to assess individual-level food 
consumption (16). 

Many of the large-scale, health-based cohort studies that assess individual-level UPF intake 
and their relationship with health outcomes also consider sociodemographic associations 
with UPF consumption (8). Such studies use convenience sampling methods that may include 
biases such as a healthy volunteer selection bias, or lead to underrepresentation or exclusion 
of sociodemographic strata, resulting in such samples not being generalisable to the national 
population. Smaller samples from cities or specific regions may be representative of such 
regions, but are also unlikely to accurately represent the national population. In combination 
with food consumption assessments, nationally representative samples typically obtained 
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with complex, multistage probabilistic sampling are needed to provide country-level 
distributions of UPF intake by sociodemographic factors. 

No study has systematically reviewed and formally synthesised papers assessing the 
association between sociodemographic factors and individual-level UPF intake from 
nationally representative samples. Current reviews of sociodemographic predictors of 
individual-level UPF intake are not systematic (13,14), and do not focus on studies that are 
nationally representative (13),  or consider only age and gender (15) or systematically review 
nationally representative samples without considering sociodemographic predictors of UPF 
intake (17).

The objective of this review was to systematically synthesise the evidence regarding 
sociodemographic characteristics associated with a high, individual-level UPF intake as 
defined by NOVA, in nationally representative samples. 

Methods

This systematic review was pre-registered on PROSPERO (CRD42022360199), and conducted 
according to Preferred Reporting Items for Systematic Reviews Meta-Analysis (PRISMA) 
guidelines (18). The checklist is provided in the supplementary materials. The protocol was 
unchanged from pre-registration.

Eligibility criteria

Eligibility criteria were considered based on the population, exposure, comparator, outcome 
(PECO) approach: population: nationally representative sample of adults (with or without 
children) from any country; exposure: any sociodemographic measure; comparator: other 
levels or strata of a sociodemographic measure; outcome: absolute or relative individual-level 
consumption of UPF, defined by the NOVA classification.

Studies were included if they were: written in English; an original article published in a peer-
reviewed journal; from any date; a cross-sectional or longitudinal observational study; a 
nationally representative sample of adults (with or without children) from any country; 
statistically assessing the association between sociodemographic characteristics and UPF 
intake; with individual-level, relative or absolute UPF intake analysis (e.g. grams/day, 
%kcal/day). defined by the NOVA classification (4), using detailed food consumption 
assessment tools.

Papers were excluded if they: were not in English; were not published in a peer-reviewed 
journal; were a review, ecological study, interventional trial, laboratory study or animal study; 
were not a nationally representative sample of adults or a subgroup of a nationally 
representative sample (e.g. elderly adults only or females only); did not provide statistical 
measures of the association between sociodemographic variables and UPF intake; did not 
define UPF intake using the NOVA classification (or used NOVA, but the dietary outcome was 
determined using principal component or latent class analysis); only measured a subgroup of 
UPFs (e.g. only sugar-sweetened beverages, only sweet UPFs); did not directly assess 
individual-level dietary intake (e.g. UPF intake based on sales, household purchases).
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Search strategy and study selection

Identification of papers was achieved by searching Pubmed/MEDLINE until 07/09/2022. No 
filters or limits were placed on searches. Pubmed/MEDLINE was searched with the terms: 
"ultra-processed" OR "ultraprocessed" OR "ultra-processing" OR "ultraprocessing", producing 
1,131 results. Results were obtained and imported into Excel by SJD.

The selection process was independently conducted by two authors (SJD and SQ). To select 
papers, the authors developed a flowchart for full-text selection from title and abstract 
review, and a flowchart for full-text review to determine inclusion into the systematic review 
(provided in the supplementary materials). Flowcharts were based on the inclusion/exclusion 
criteria. Titles and abstracts were independently screened by both authors for relevance using 
the flowcharts. Full papers were then retrieved for eligibility analysis. All papers were 
manually screened, with no automation tools. After full-text screening, both authors met to 
discuss any disagreements. SJD then screened the references and citations of included 
papers, which were then agreed upon by two authors (SJD and SQ). As the selection process 
was predetermined prior to data extraction, all papers from the same nationally 
representative survey were considered for inclusion, as different papers from the same 
country and survey may report different sociodemographic predictors and/or cover different 
time periods. If papers were deemed eligible for the systematic review based on 
inclusion/exclusion criteria but contained no statistical assessment of UPF intake across 
sociodemographic variables (e.g. confidence intervals of mean intake across strata, p-values 
of proportions across quantiles of UPF intake), the authors were contacted to provide 
statistical detail.

Outcomes included absolute or relative (to total energy or food intake by weight) individual-
level UPF intake (such as servings/day, kcal/day, percent (%) kcal/day or grams/day). Studies 
needed to report at least one unit of measurement for inclusion. The effect measures were 
the statistical assessments of an association between sociodemographic variables and UPF 
intake (e.g., for inferential statistics: beta coefficients or odds ratios and confidence intervals 
and/or p-values, for descriptive statistics: mean intakes and/or intakes across quantiles and 
confidence intervals and/or p-values, correlations and p-values). 

Data extraction 

Two authors (SJD and SQ) independently and manually extracted data using a pre-specified 
template. The data extracted by the authors included: title; authors; date of publication; 
country; cohort; sampling method; analytical sample size; dietary assessment method; 
sociodemographic assessment method; primary measure of UPF intake; average UPF intake 
for the sample; sociodemographic variables; unadjusted or adjusted measures of association; 
UPF intake across sociodemographic strata and/or statistical measures of association. 

Assessment of methodological quality

Risk of bias was assessed using the Newcastle-Ottawa Scale (NOS) method adapted for cross-
sectional observational studies (supplementary materials). Risk of bias was independently 
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conducted by two authors (SJD and SQ), with disagreements resolved through discussion. No 
formal assessments were conducted for risk of reporting bias due to missing results.

A certainty assessment was conducted by considering the risk of bias scores, limitations in 
included studies, and gaps in the narrative analysis across each grouping (number of 
countries, range of sociodemographic predictors, range of multivariate analyses).

Data Synthesis 

Papers were presented in tabular format, reporting the key characteristics of each study, 
including risk of bias. No data conversion or handling of missing data was conducted prior to 
data presentation. Results are presented as a narrative synthesis due to the varied reporting 
methods and statistics across studies. Results are reported in terms of the number of distinct 
countries, number of distinct surveys and number of unique analyses. Papers were grouped 
for narrative analysis according to study characteristics from the variables extracted during 
data collection to assess heterogeneity of associations: by country, across countries, by 
sociodemographic variable, by country-level income, and by multivariate analyses. Simple 
descriptive fractions are provided of which predictors were significantly associated with UPF 
intake, and which were not. No sensitivity analyses were planned. For papers from the same 
survey, during the same years and with the same predictors, the multivariate analyses were 
prioritised in the narrative review.

Results

Study selection

The database search retrieved 1,131 results. 245 results were retained for full-text screening. 
55 studies were included in the systematic review. The results are detailed in the PRISMA 
flowchart (Figure 1).

Several studies appeared to meet the inclusion criteria, but were excluded as: authors did not 
respond to emails requesting further detail on statistical associations (19,20), statistical values 
were not available after request (21), or were not nationally representative (22,23).  One study 
was excluded, as despite being a nationally representative cohort the authors explicitly 
outlined that the analytical sample could not be considered nationally representative (24). One 
case-control study was not deemed to be nationally representative, although the authors 
suggested it was (25). One paper from Brazil was excluded based on the use of a crude FFQ, 
reporting the frequency of consumption of 10 items to determine UPF intake (26). One paper 
from Mexico was included as participants were randomly selected from a nationally 
representative cohort, despite the small sample size (27).

Figure 1 here. PRISMA Flow diagram of the systematic search process and study selection.

Study characteristics

In total, 55 studies were included in the systematic review, covering 32 countries and 36 
nationally representative surveys. 54 studies were from 17 individual countries from 19 
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nationally representative surveys, with one additional study spanning 22 European countries 
(27–81). The main study characteristics are reported in Table 1. Sample size varied from 359 (32), 
to 57,423 (50). Five of the studies were included after considering citations of the included 
papers from the systematic search (28,35,39,61,63).

13 sociodemographic characteristics were assessed as predictors of UPF, including age, 
gender, race/ethnicity, income, education level, socioeconomic 
status/occupation/occupational social class, food security, marital status, household status 
(number and type of individuals (child, adult, elderly), rural/urban location, region of the 
country, immigrant status/country of birth and indigenous identity. One sociodemographic 
association was reported in 15 countries, and at least three sociodemographic associations 
were reported in 17 countries. Seven or more sociodemographic associations were reported 
in eight countries.

The included studies are detailed in Table 1, with statistical associations between 
sociodemographic variables and UPF intake reported in each study presented in Table 2.

Table 1 here: Characteristics of studies included in the systematic review.

Table 2 here: Statistical associations between sociodemographic variables and UPF intake 
reported in each study.

Associations by country

Australia  
In Australia, average UPF intake was 38.8% of total energy [SE: 0.2] (31). In unadjusted models, 
younger age, male gender, second/third/fourth household income quintiles (the combined 
income of all household members), a lower education level, a lower Socio-Economic Index for 
Areas (SEIFA) (greater area-level disadvantage), living in inner regional Australia (vs. living in 
a major city of Australia) and being Australian born or from an English-speaking country were 
associated with higher intakes of UPF (28–31). The associations remained unchanged in adjusted 
models (adjusted for all other sociodemographic variables and diet quality) (31), except for 
gender and rurality/urbanisation, which were no longer significant.

In the adjusted model, 19-30-year-olds consumed 8.3% [95%CI: 6.4, 10·3] more UPF as a 
proportion of total energy than 51-70-year-olds (31). The middle quintiles (second, third and 
fourth) of income had the highest intakes of UPF, with the highest income quintile associated 
with the lowest intake of UPF, 4.6% less than the second quintile (36.5% [SE:0.7] vs. 41.1% 
[SE: 0.8] (31). Individuals with the lowest education level (incomplete high school education or 
lower) consumed 2.3% [95%CI: 0.2, 4.5] more UPF as a proportion of total energy than 
individuals with the highest levels of education (tertiary qualification) (39.9% [SE: 0.7] vs 
37.6% [SE: 0.6]).

Barbados
In Barbados during 2012-13, the average intake of UPF was 41% of total energy (838kcal from 
UPF/day [95% confidence interval (95%CI): 791, 885]). A younger age was associated with a 
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roughly 20% greater UPF intake (25-44 years old: 889kcal/day [95%CI: 836, 942], 45-64 years 
old: 737kcal/day [95%CI: 693, 781], but gender and level of education were not significantly 
associated with UPF intake (32). 

Belgium
In Belgium, the average UPF intake was 29.9% [95%CI: 29.0, 30.8] in 2014-15 (33,34). 
Unadjusted UPF intakes were higher with a younger age, but there was no difference in UPF 
intakes across education levels or between genders (males: 29.6% [95%CI: 28.0, 31.0] vs. 
female: 29.2% [95%CI: 28.0, 30.9]) (33,34). However in 2004, males had a higher UPF intake than 
females (32.3% [95%CI: 30.9, 34.3] vs. 28.9% [95%CI: 27.1, 30.2]) (33).

In adjusted models (adjusted for age, region, BMI and breakfast consumption frequency), age 
and region of Belgium were significantly associated with UPF intake. 3-5- and 51-64-year-olds 
consumed around 6-8% more UPF as a proportion of total energy than 6-50-year-olds, with 
3-5-year-olds consuming 8.6% [SE: 2.1] more UPF as a proportion of total energy than 35-50-
year-olds. Individuals living in Brussels region (+6.1% [SE: 1.2] or Walloon region (+8.1% [SE: 
0.8] also had significantly higher UPF intakes than individuals living in Flanders region (33). 

Brazil
In Brazil during 2008-9, average UPF intake varied across studies, from 20-30% of total energy 
(20.5% [95%CI: 20.2, 20.8] (38), 22.1% (35), 23.8% (36), 29.6% (37)). A younger age, female gender, 
white ethnicity (vs. African-descendent or other ethnicity), higher income, higher education 
level, urban residence and living in the South and South East regions of Brazil were associated 
with higher intakes of UPF, or were more likely to be in the highest vs. lowest quintile of UPF 
intake ((≥ 44% vs. ≤ 13% of TEI)  (35–37,37). 

In unadjusted associations, females (21.8% [95%CI: 21.3, 22.2]) consumed 2.6% more UPF as 
a proportion of total energy than males (19.2% [95%CI: 18.7, 19.7]). 20-39-year-olds 
consumed 6.3% more energy as UPF than adults 60 years or older (21.3% [95%CI: 20.8, 21.9] 
vs. 15.0% [95%CI: 14.2, 15.8]), and 10-19-year-olds (26.8% [95%CI: 26.1, 27.6]) consumed 
over 11% more. Individuals in the highest income tercile consumed over 10% more UPF as a 
proportion of total energy compared with individuals in the lowest income tercile (26.3% 
[95% CI: 25.7, 26.9] vs. 15.1% [95%CI: 14.6, 15.5]). Similar magnitude differences in UPF intake 
were seen across the highest (28.5%) vs. lowest (15.7%) terciles of income in another study 
(p <0.001) (35), and when grouped by multiples of minimum wage (MW), with individuals 
earning >3xMW consuming 30.3% of total energy from UPF, compared to those earning 
<0.5MW, who consumed 16.3% of total energy from UPF (36). Individuals living in an urban 
residence also consumed nearly 10% more total energy from UPF than individuals in rural 
settings (22.1% [95%CI: 21.7, 22.5] vs. 12.7% [95%CI: 12.3, 13.2]). Those in South and 
Southeast Brazil consumed 25.7% [95%CI: 25.0, 26.4] and 23.6% [95%CI: 23.0, 24.2] of energy 
as UPF, respectively, around 10% more than in the North (14.8% [95%CI: 14.3, 15.4]) and 
North East (14.9% [95%CI: 14.5, 15.3]) regions (38).

In 2017-18, a younger age was associated with a higher UPF intake. 15-19-year-old males 
(25.1% [95%CI: 23.3, 26.9]) consumed relatively over 100% more UPF than males aged 80+ 
(12.7% [95%CI: 10.5, 15.0]), and over a 50% relative increase in 15-19-year-old females (26.2% 
[95%CI: 24.5, 28.0]) compared with older females (80+) (17.9% [95%CI: 13.7, 22.1]) (39).
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Canada
In Canada in 2004, a younger age, male gender, lower education level, rural residence and 
non-immigrant status were associated with greater unadjusted intakes of UPF (40–42). 
Sociodemographics remained significantly associated with UPF intake in the adjusted model 
(adjusted for age, gender, education, income, physical activity, smoking status, immigration 
status, and residential area), except for rural residence, which became non-significant (41). 
Family income per capita was not significantly associated with UPF intake in either unadjusted 
or adjusted models from 2004 (40,41). Non-immigrants consumed over 10% more energy from 
UPF than non-immigrants (47.8% [SE: 0.3] vs. 36.5% [SE: 0.3], p < 0.05) (41).

In 2015, the average UPF intake in 2015 was around 46-47% (45.7% [95%CI: 45.0, 46.4] (42), 
46.8% (SE: 0.4) (44)). A younger age, male gender, higher income, lower education level, higher 
level of food insecurity, rural residence, non-immigrant status and Indigenous identity were 
associated with higher intakes of UPF, or were more likely to be in the highest vs. lowest 
tercile of UPF intake (72.8% vs. 24.4%) (42–44). 

Adult males (45.4% [95%CI: 43.8, 47.0] consumed more energy from UPFs than adult females 
(41.6% [95% CI: 40.2, 43.0]), with no significant difference between males and females aged 
55 or older (42). Income was associated with UPF intake in 2015 (p = 0.0143), with the highest 
income quintiles more likely to be in the highest vs. lowest tercile of UPF intake (44). One paper 
in 2015 reported age and gender associations with UPF intake across levels of food insecurity 
(43). Males (47.0% [SE: 3.7]) and females (45.8% [SE: 2.4]) aged 19-64 with severe food 
insecurity consumed around 8-10% more of total energy from UPFs than males (37.5% [SE: 
0.66]) and females (37.6% [SE: 0.56]) aged 19-64 with food security (both comparisons p < 
0.05, p-trend across levels of food insecurity: males = 0.009, females = 0.003) (43).

In trend analyses from 2004 to 2015, UPF intake significantly increased in older (55 or older) 
males (from 42.5% [95%CI: 41.5, 43.6] to 45.3% [95%CI: 43.9, 46.7]) and females (from 41.7% 
[95%CI: 40.6, 42.8] to 45.2% [95%CI: 44.0, 46.4]), but significantly decreased in children aged 
2-12, adolescent males and females aged 13-18, and adult males and females 19-54 (42).

Chile
In Chile in 2010, the average UPF intake was 28.6% [95%CI: 27.7, 29.6] (45). A younger age, 
higher family income, urban residence and living in the Metropolitan region were associated 
with higher intakes of UPF in both unadjusted and adjusted (for all other sociodemographic 
variables) models (45). Gender and the level of education of the head of the household were 
not significantly associated with UPF intake in either unadjusted and adjusted models.

In the adjusted model, 2-19-year-olds consumed over double the quantity of UPF of adults 65 
or older (2-19-year-olds: 38.6% [95%CI: 36.7, 40.6] vs. 65 or older: 18.3% [95%CI: 16.8, 19.8]). 
There was a linear trend, with 20-49-year-olds consuming 26.7% [95%CI: 25.2, 28.2] and 50-
64-year-olds consuming 21.8% [95%CI: 19.7, 24.0] of total energy from UPFs (p-trend < 0.001) 
(45). There was also a linear trend in UPF intake across family incomes. Individuals from families 
with the highest incomes consumed over 4% more of total energy from UPFs than individuals 
from families with the lowest family incomes (6xMW: 30.1% [95%CI: 27.7, 29.6], 3-5xMW: 
30.0% [95%CI: 27.8, 32.2], 2xMW: 28.7% [95%CI: 27.2, 30.3], 1xMW: 25.8% [95%CI: 24.0, 
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27.6]). Individuals living in urban residences consumed 29.3% [95%CI: 21.9, 25.5] of total 
energy from UPFs, compared with 23.7% [95%CI: 28.3, 30.4] in rural residences, nearly a 25% 
greater relative intake. Individuals living in the Metropolitan region of Chile had the highest 
UPF intakes of all regions (30.2% [95%CI: 28.6, 31.8]), approximately 2-3% greater than other 
regions, and significantly greater than the South, where the average adjusted UPF intake was 
26.7% [95%CI: 24.8, 28.6] (45). 

Colombia
In Colombia, average UPF intake was 15.9% of total energy in 2005, spanning from 0.2% to 
41.1% across quintiles of UPF intake (46). A younger age, female gender, higher socioeconomic 
status (based on the System for the Selection of Beneficiaries of Social Programs (SISBEN) 
composite index), urban residence and living in Bogotá were significantly associated with 
higher intakes of UPF in unadjusted and adjusted (adjusted for all aforementioned 
sociodemographic variables) models (46). 

In the adjusted model, 2-19-year-olds consumed nearly 8% more UPF as a proportion of total 
energy than adults aged 50 or over (2-19-year-olds: 19.3% [SE: 0.3], 10-19-year-olds: 19.3% 
[SE: 0.2], 50 or over: 11.4% [SE: 0.4]). Individuals in the highest socioeconomic level (22.8% 
[SE: 1.0]) consumed nearly twice the quantity of UPF (over 10% more as a proportion of total 
energy) of individuals in the lowest socioeconomic level (12.7% [SE: 0.3]). There was a small 
but significant difference between genders, whereby males consumed 15.5% [SE: 0.2] of total 
energy from UPF compared to 16.2% [SE: 0.2] in females (P = 0.007). Individuals living in urban 
residences (17.3% [SE: 0.2]) had 4.6% and 6.1% higher intakes of UPF than people from central 
(12.6% [SE: 0.5]) or rural (11.2% [SE: 0.6]) residences, respectively (both comparisons, p < 
0.001). Regionally, the highest intakes of UPF were in residents of Bogotá (21.6% [SE: 0.5]) 
followed by the Eastern region of Colombia (18.1% [SE: 0.4]). The lowest intakes were in the 
Atlantic region of Colombia (12.7% [SE: 0.3]), nearly half the levels reported in Bogotá (46).

France
The average UPF intake in France was 31.1% [95%CI: 30.3, 31.9] in 2006-7 (47), and 30.6% [SD: 
15.8] in 2014-15 (48). In 2006-7, a younger age, a complete high school or greater education 
level, occupation (management/intermediate profession, self-employed/farmer, manual 
worker/employee,  homemaker or disabled person or other vs. retired persons) and urban 
residence were associated with higher intakes of UPF (47). 18-39-year-olds consumed nearly 
double the amount of UPF as a proportion of total energy than adults aged 60 or older (39.1% 
[95%CI: 37.8, 40.5] vs. 21.6% [95%CI: 20.4, 22.8]). Homemakers, disabled persons, and other 
occupations had the highest UPF intake (35.9% [95%CI: 34.1, 37.7]), followed by management 
or intermediate professions (32.2% [95%CI: 30.9, 33.4]), manual workers or employees 
(32.7% [95%CI: 31.3, 34.2]) and self-employed individuals or farmers (28.1% [95%CI: 25.1, 
31.2]). Retired individuals had significantly lower UPF intake than all other occupations, 
around a third less, at 22.3% of total energy [95%CI: 21.1, 23.5]. Individuals with complete 
high school education (32.9% [95%CI: 31.8; 34.1]), completing a technical course (32.2% 
[95%CI: 30.3, 34.0] or University education (31.9% [95%CI: 30.4, 33.4]) had similarly high 
intakes, whereas individuals with an incomplete high school education had around 6% lower 
intake as a proportion total energy (26.5% [95%CI: 24.9, 28.1]), a roughly 20% lower relative 
intake (47). Urban residents consumed 3% more UPF as a proportion of total energy than rural 
residents (31.9% [95%CI: 30.9; 32.8] vs. 28.9 [95%CI: 27.4, 30.4]).
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During 2014-15, age, education level, occupation, marital status, food insecurity and 
rurality/urbanisation were associated with higher intakes of UPF (48). Individuals in the highest 
vs. lowest tercile of UPF intake (34.1-78.9% vs. 0.1-20.6% of energy from UPF) were more 
likely to be younger, have middle or secondary school education, be an employee, manual 
worker, have an intermediate profession or be inactive, have moderate or severe food 
insecurity, be single or in an unmarried couple, or live in a city with 100,000 or more 
inhabitants (48). Individuals in the lowest vs. highest tercile of UPF intake were more likely to 
be older, have a primary school education, be retired, a farmer, craftsman, shopkeeper or 
business owner, have a rural residence, be married or widowed or have food security (48).   

Across both 2006-7 and 2014-15, UPF intake did not significantly differ with gender (47,48), nor 
with the region of France in 2014-15. 

Italy
In Italy in 2010-13, the average unadjusted UPF intake among Italian adults (aged 20-97) was 
17.3% of total energy [95%CI: 17.1, 17.6], rising to 25.9% [95%CI: 24.8, 27.0] in children and 
adolescents aged 5-19. A younger age, female gender, occupation other than being retired, 
marital status, urban residence and region of Italy were associated with higher intakes of UPF 
in the adjusted model (adjusted for the aforementioned sociodemographic predictors, 
education level, smoking, physical activity and disease history) (49). Education level was not 
significantly associated with UPF intake.

In the adjusted model, differences in adult UPF intake across levels of sociodemographics 
varied by around 10% as a relative proportion of UPF intake (49). 20-40-year-olds consumed 
3.1% [95%CI: 1.8, 4.4] more of total energy from UPF than adults aged 65 or older. Females 
consumed 1.28% [95%CI: 0.68, 1.89] more UPF than males. Individuals who were unmarried 
(+1.26% [95%CI: 0.37, 2.15]), separated or divorced (+1.88% [95%CI: 0.38, 3.38]) and widowed 
(+1.16% [95%CI: 0.07, 2.24]) consumed more energy from UPF than individuals who were 
married. Individuals in North Italy consumed 0.73% [95%CI: 0.14, 1.32] more UPF as a 
proportion of total energy than individuals in South Italy, but intakes in North or South Italy 
did not significantly differ to those living in Central Italy. Urban residents consumed 1.64% 
[95%CI: 0.87, 2.42] more UPF as a proportion of total energy than rural residents (49), and 
retired persons consumed significantly less UPF than all other occupations (manual, non-
manual, housewife, student or unemployed), nearly 2% less than manual occupations (-1.87% 
[95%CI: -0.91, -2.83]).

Korea
In Korea across 2010 to 2018, the average UPF intake was 24.9% [SE: 0.1] (50). A younger age, 
male gender, lower income, mid/high education level and urban residence were associated 
with higher unadjusted intakes of UPF. All sociodemographic predictors remained significant 
in the adjusted model (adjusted for all aforementioned sociodemographics), except for 
household income (50). 

In the adjusted model, there was a linear trend of decreasing UPF with increasing age (p-trend 
< 0.05). Adolescents (13-19-year-olds) consumed the highest amount of UPF, over double the 
amount of UPF of adults 65 or older as a proportion of total energy (33.8% [95%CI: 32.9, 34.6] 
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vs. 16.3% [95%CI: 15.8, 16.7]). Individuals with a high school (26.4% [95%CI: 25.9, 26.9]), or 
college or higher education level (26.3% [95%CI: 25.8, 26.9]) consumed about 10% relative 
greater UPF intake than individuals with a middle school or lower education level (23.4% 
[95%CI: 23.0, 23.8]). Males and urban residents consumed 3% more UPF relatively than 
females and rural residents, respectively (both comparisons: 25.8% [95%CI: 25.5, 26.1] vs. 
25.0% [95%CI: 24.4, 25.6]) (50).

In 2016-18, a younger age (greatest in adolescents), male gender, mid/high education level, 
living alone and urban residence were associated with higher unadjusted intakes of UPF, or 
were more likely to be in the highest (43.6%) vs. lowest (6.9%) tercile of UPF intake (50–52,81). 
Unadjusted UPF intakes did not significantly vary across household income levels in 2016-18 
in two smaller KNHANES samples (n = 7,364, aged 19-64 (51), and n = 9,188, aged 30-79 (52)). 
However, UPF intake did significantly vary in a larger sample from 2016-18  (n = 19,216, aged 
1 or older) (50), whereby individuals in the second and third quartiles (26.7% [95%CI: 26.1, 
27.2]) or highest quartile (27.2% [95%CI: 26.5, 27.8]) of household income had significantly 
higher UPF intakes than individuals in the lowest household income quartile (22.0% [95%CI: 
20.9, 23.1]). In the only study reporting adjusted (adjusted for aforementioned 
sociodemographics, smoking, alcohol and physical activity) UPF intakes from 2016-18, where 
the average UPF intake was 26.8% [SE: 0.3], age, gender and education level remained 
significantly associated with UPF intake, but household income, household status, marital 
status and rurality/urbanisation were not significantly associated with UPF intake (51). 
Adjusted intakes of UPF in males were 1.4% higher than females (27.6% [SE: 0.4] vs. 26.2% 
[SE: 0.4]), p = 0.0165). 19-29-year-olds consumed two-thirds more UPF than 50-64-year-olds 
(34.6% [SE: 0.8] vs. 20.6% [SE: 0.4]), p <0.0001), with a linear trend of decreasing UPF intake 
with older age (p-trend < 0.0001). Similar to the associations in 2010-18, individuals with a 
high school education (27.6% [SE: 0.4], p < 0.01), or college or higher education (26.8% (SE: 
0.4), p < 0.05), consumed about 10% more UPF relative to individuals with a middle school or 
lower education level (25.0% [SE: 0.4], p < 0.05) (51). 

Average UPF intake increased over time in Korea, from 23.1% [95%CI: 22.7, 23.5] in 2010-12, 
to 25.5% [95%CI: 25.1, 25.9] in 2013-15, to 26.1% [95%CI: 25.7, 26.5] in 2016-18 (p < 0.0001). 
UPF intake significantly increased across all sociodemographic strata (age, gender, 
rural/urban residence, education level and household income). In particular, 20-49-year-olds 
increased their UPF intake to the greatest extent, by 5% from 2010 to 2018, from 24.8% 
[95%CI: 24.3, 25.4] to 29.8% [95%CI: 29.2, 30.4] (50).

Mexico
In Mexico in 2012, the average UPF intake (aged 1 or older) was 29.8% [SE: 0.4] of total energy 
(54). A younger age, higher head of household education level, higher socioeconomic status, 
urban residence and living in the Northern region of Mexico were more likely to be in the 
highest (64.2% [range: 51.8-100%]) vs. lowest (4.5% [range: 0-11.8%]) quintile of UPF intake 
(all sociodemographic variable distributions across quintiles p < 0.001) (53). Sociodemographic 
variables remained significantly associated with UPF intake after adjustment for all other 
sociodemographic variables (54). However, gender was not significantly associated with UPF 
intake in unadjusted or adjusted models (53,54).
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In one study of adults only from ENSANUT, adults younger than 60 consumed 21.4% of total 
energy from UPF [95%CI: 18.8, 24.0], compared with 14.2% [95%CI: 10.7, 17.6] in adults 60 or 
older, a 50% relative increase (27). In the adjusted model across all age groups, pre-school-
aged children (+12.5% [95%CI: 10.9, 14.1]), school-aged children (+3.8% [95%CI: 2.2, 5.4], and 
adolescents (+3% [95%CI: 1.1, 4.9]) all consumed greater amounts of UPF than adults. 
Individuals in North Mexico and Central Mexico consumed 8.4% [95%CI: 6.6, 10.1] and 2.7% 
[95%CI: 1.2, 4.1] more UPF as a proportion of total energy than individuals in South Mexico. 
Individuals from households with the highest head of household education level (college 
education) consumed 7.8% [95%CI: 4.3, 11.4] more UPF as a proportion of total energy than 
individuals from a household with a head of household without any education. Individuals 
from a household with a head of household with an intermediate education level consumed 
1.9% [95%CI: -0.5, 4.3] (elementary), 3.4% [95%CI: 0.8, 6.1] (middle school) and 4.3% [95%CI: 
1.1, 7.4] (high school) more UPF as a proportion of total energy than individuals from a 
household with a head of the household without any education. Individuals in the middle and 
highest terciles of socioeconomic status (index based on household characteristics and basic 
goods and services) consumed 4.5% [middle tercile: 95%CI: 2.8, 6.2, highest tercile: 95%CI: 
2.5, 6.5] more UPF as a proportion of total energy than individuals in the lowest tercile. Urban 
residents also consumed 5.6% [95%CI: 4.2, 7.0] more UPF as a proportion of total energy, 
compared to rural residents (54). 

Netherlands
In the Netherlands in 2012-2016, the average UPF intake was 893g of UPF per 2000kcal 
[95%CI: 879, 907], or 61% of total energy intake (55). A younger age, middle education level 
(vs low or high) and urban residence were associated with higher UPF intake, whereas gender 
was not significantly associated with UPF intake (55).

Children and adolescents consumed around double the amount of UPF as older adults, and 
around 30-50% more than younger and middle-aged adults. For example, 4-8-year-olds 
consumed 1,252g of UPF per 2000kcal [95%CI: 1,217, 1,288], compared with 962g of UPF per 
2000kcal [95%CI: 921, 1,003] in 19-30-year-olds, and 632g of UPF per 2000kcal [95%CI: 607, 
656] in 71-79-year-olds. Individuals with a middle education level (intermediate vocational or 
higher secondary education) consumed around 8-10% more UPF relatively than individuals 
with lower (primary, lower vocational or advanced elementary) or higher (higher vocational 
or university education) education levels, consuming 939g of UPF per 2000kcal [95%CI: 916, 
962], compared with 871g [95%CI: 838, 903] in individuals with a low education level, and 
850g [95%CI: 830, 871] in individuals with a high education level. Individuals living in regions 
with a high degree of urbanisation (1,500 addresses/km2) consumed 916g of UPF per 
2000kcal [95%CI: 891, 942], compared with 876g of UPF per 2000kcal [95%CI: 856, 896] in 
individuals living in regions with a low degree of urbanisation (<1,000 addresses/km2) and 
898g of UPF per 2000kcal [95%CI: 868, 928] in individuals living in regions with a moderate 
degree of urbanisation (1000–1500 addresses/km2) (55).

Portugal
In Portugal in 2015-16, average UPF intake was 23.8% of total energy, or 257g [interquartile 
range: 141, 426] per day (57). Younger adults consumed more UPF than elderly adults (56). Other 
associations were stratified by male and female gender (57). In unadjusted models stratified 
by gender, crude UPF intake was significantly higher with a younger age (highest in 
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adolescents), mid-high education level, in single, divorced or widowed individuals, individuals 
living in a larger household and living in Lisbon and Azores regions of Portugal (57). All variables 
remained significantly associated with UPF intake in adjusted (adjusted for age, education 
level and non-UPF intake) models, except for household status in both males and females, 
and marital status in females, which became non-significant. Rurality/urbanisation and food 
insecurity were not significantly associated with UPF intake in unadjusted or adjusted models 
(57).

In the adjusted models, adolescents (aged 10-17) had the highest UPF intake, with female 
adolescents consuming 192g [95%CI: 135, 249] more than female older adults, and male 
adolescents consuming 327g [95%CI: 277, 377] more than male older adults (aged 45-64). 
Female and male older adults (aged 45-64) consumed 63g more [95%CI: 34, 91] and 51g more 
[95%CI: 9, 93] than elderly females and males (aged 65-84). The difference in UPF intake 
across ages was greater in males than females (57). Females in Alentejo (+50g [95%CI: 9, 90]) 
and Algarve regions (+36g [95%CI: 1, 70]) consumed more UPF than females in North Portugal, 
and males from Lisbon consumed 76g [95%CI: 19, 133] more UPF than males in North 
Portugal. Males and females with the highest level of education (more than 12 years) 
consumed 68g [95%CI: 12, 124] and 51g [95%CI: 16, 86] more UPF per day than males and 
females with the lowest level of education (6 years or less), respectively, a roughly 20-25% 
relative increase. However, a lower education level was associated with a higher UPF intake 
in children. Single, divorced or widowed males consumed 48g [95%CI: 1, 96] more UPF per 
day than married males, or males in a couple.

Spain
In Spain, the average intake of UPF significantly increased from 1991 to 2008, accounting for 
24.4% [SD: 14.0] of total energy in 1991, 25.6% [SD: 16.3] in 1996, 27.5% [SD: 19.2] in 2004, 
and 31.1% [SD: 19.0] in 2008 (58).

In 1991, a younger age was inversely related with higher intakes of UPF (ρ = -0·53, p < 0·0001) 
(59). In 2008-10, Individuals in the highest (42.8% [SE: 0.2]) vs. lowest (8.7% [SE: 0.1]) quartile 
of UPF intake were more likely to be younger and have a primary level education, compared 
with individuals in the lowest vs. highest quartile of UPF intake, who were more likely to have 
no formal education and be living alone (60). Gender proportions did not significantly differ 
across quartiles of UPF intake.

In the adjusted model (adjusted for year of cohort, age, gender, BMI and total energy intake) 
across 1991 to 2008, a younger age (−0.15% [SE: 0.01] per year of age) and female gender 
(1.1% [SE: 0.3] greater UPF intake than males) had significantly higher UPF intakes (58). UPF 
intake also varied across regions. In 2008, UPF intake was more than 30% of total energy in 
all regions, but 5% higher in North Spain (36.0% [SD: 18.3]) than South or Central South Spain 
(South: 31.3% [SD: 18.3], Central South: 30.2% [SD: 17.1]) (58).

Switzerland
In Switzerland during 2014-15, the average UPF intake was 28.7% of total energy [IQR: 19.9, 
38.9] (61). In unadjusted associations, a younger age, living in the German-speaking region (vs. 
French- or Italian-speaking regions) and Swiss nationality (vs. non-Swiss) were significantly 
associated with a higher intake of UPF (61). After adjustment for other sociodemographics 
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including income, male gender also became significantly associated with higher UPF intake. 
Household size and education level were not significant in adjusted or unadjusted models.

Across ages, unadjusted median UPF intakes were 8.5% higher as a proportion of total energy 
in 18-29-year-olds (34.8% [IQR: 24.5, 45.0], compared with 65-75-year-olds (26.3% [IQR: 17.1, 
35.0], p = 0.001). Individuals from German-speaking region (29.6% [IQR: 20.9, 39.6]) also 
consumed 1.5-2.5% more UPF than other regions (French-speaking: 27.2% [IQR: 17.7, 37.1]; 
Italian-speaking: 28.0% [IQR: 16.9, 39.4], p = 0.002). Swiss nationals consumed relatively 
around 12% more UPF as a proportion of total energy than non-Swiss nationals (29.2% 
[95%CI: 20.3, 39.0] vs. 26.1% [IQR: 17.5, 37.1], p = 0.002) (61).

UK
In the UK, average UPF intake was 51.3% [SD: 13.1] in 2008-9 (19 years) (62), 53.1% across 
2008-12 (18 years) (64), 56.8% [SE: 0.2] across 2008-14 (1.5 years) (65), 54.3% [SE: 0.4] across 
2008-16 (19-96 years) (66), and 54.0% in 2014-16 (4 years) (67). From 2008 to 2016, UPF 
intakes have been relatively consistent, with no significant linear trends in UPF intake across 
sociodemographic strata (63).

In 2008-9, a younger age was significantly associated with higher intakes of UPF (−0.16% 
[95%CI: −0.24 to −0.09] per year of age), but gender, occupational social class (routine and 
manual or intermediate vs. managerial and professional) and household status (living with 
other adults or living with children) were not significantly with higher intakes of UPF in 
adjusted models (adjusted for the aforementioned sociodemographic variables and food 
preparation skill/behaviours) (62). Across 2008-12, a younger age (−0.18% [95%CI: −0.21, 
−0.14] per year of age) and male gender (1.38% [95%CI: 0.09, 2.67]), but not occupational 
social class, were significantly associated with higher intakes of UPF in adjusted models 
(adjusted for aforementioned variables and percentage of energy intake from alcohol) (64). 
Across 2008-14, younger ages were significantly associated with higher intakes of UPF, with 
the highest intakes in 11-18-year-olds (68.0% [SE: 0.4]) then 1.5-10-year olds (63.5 [SE: 0.34]) 
and lowest in adults (19-64: 54.9% [SE: 0.4]) and the elderly (65: 53.0% [SE: 0.52]) (all p < 
0.001 with 1.5-10 years as reference) (65). In 2014-16, children (65.7% [95%CI: 64.2, 67.1]) and 
adolescents 67.1% [95%CI: 65.7, 68.5]) consumed greater quantities of UPF than adults 
(54.0% [95%CI: 53.0, 55.0]) (67). Across 2008-16, a younger age, male gender, white ethnicity 
(vs. non-white ethnicity), lower occupational social class and living in Northern Ireland were 
associated with higher intakes of UPF as a proportion of TEI (66). 19-29-year-olds (59.2% [SE: 
1.3]) consumed around 8% more UPF as a proportion of total energy than adults aged 60 or 
older (51.5% [SE: 0.5]), and 5% more than 30-59-year-olds (54% [SE: 0.4]). Males consumed 
3% more UPF as a proportion of energy intake than females (55.9% [SE: 0.6] vs. 52.8% [SE: 
0.4]). White ethnicity was associated with a 10% higher intake of UPF as a proportion of total 
energy than other ethnicities (55.4% [SE: 0.4] vs. 45.4% [SE: 1.2]). Individuals in routine and 
manual occupations consumed 57.3% of energy from UPF, compared with 53.4% [SE: 0.8] in 
intermediate occupations, 53.8% [SE: 0.7] in lower managerial and professional occupations, 
and 50.3% [SE: 0.7] in higher managerial and professional occupations (p-trend < 0.05). 
Individuals living in Northern Ireland consumed 58.7% of total energy [SE: 0.8] from UPF, 
compared with 51.7% [SE: 0.6] in individuals living in the South of England (including London), 
who had the lowest intakes of UPF. Average UPF consumption in North England, Central 
England/Midlands, Scotland and Wales was around 55-57% of total energy (66).
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US
In the US, average UPF intake increased from 53.5% [95%CI: 52.5, 54.6] in 2001-2 to 57% 
[95%CI: 55.0, 58.9] in 2017-18 (69). 

In 1988, individuals in the highest (5.2 to <29.8 times/day) vs. lowest quartile (0 to <2.6 
times/day) of frequency of UPF intake were more likely to be younger, male, non-Hispanic 
white, and were less likely to be Mexican or other ethnicity, have an education below high 
school level or have a high income/poverty ratio (≥350% the poverty level) (68). 

Across 2005 to 2018, younger age, non-Hispanic white or black ethnicity, a lower 
income/poverty ratio (350% of the poverty level) were significantly associated with a higher 
UPF intake, or were more likely to be in the highest quantile of UPF intake (70–73,75–79). Income 
was not significant in one study from 2013-14 (79). Hispanics and other ethnicities including 
non-Hispanic Asians and non-Hispanic Asian Americans had low UPF intakes, or were less 
likely to be in the highest quantile of UPF intake (70–73,75,76,78,79). Non-Hispanic Asians consumed 
nearly 20% less unadjusted UPF (39.3% [95%CI: 38.1, 40.5]) than non-Hispanic white (57.7% 
[95%CI: 56.9, 58.5]) or black (60.1% [95%CI: 58.8, 61.3]) ethnicities (77). Education was also 
significantly associated with UPF intake, typically with higher UPF intakes with a mid-low 
education level (69–71,77), or mid-level education (73,75,76). One paper stratifying by ethnicity 
reported higher UPF intakes were seen in non-Hispanic Asian Americans with higher 
education levels (lowest vs. highest: 32.1% [95%CI: 29.2, 35.1] vs. 39.7% [95%CI: 38.3, 41.1]), 
whereas higher UPF intakes were seen in non-Hispanic white or non-Hispanic other ethnicities 
at lower education levels (non-Hispanic white lowest vs. highest: 61.7% 95%CI: 59.9, 63.5] vs. 
53.3% [95%CI: 52.2, 54.5]; non-Hispanic other lowest vs. highest: 62.0% [95%CI: 55.9, 68.0] 
vs. 50.6% [95%CI: 46.7, 54.6]), and higher UPF intakes in non-Hispanic blacks at mid-low 
education levels (77). Similarly a higher income/poverty ratio, was associated with a higher UPF 
intake in non-Hispanic Asian Americans (lowest vs highest: 35.0% [95%CI: 31.9, 38.1] vs. 
40.8% [95%CI: 39.2, 42.4]), but associated with a lower UPF intake in non-Hispanic whites 
(lowest vs highest: 61.1% [95%CI: 59.7, 62.4] vs. 55.8% [95%CI: 54.8, 56.8]) (77). 

Across 2011-16, US-born individuals consumed over 12% more UPF as a proportion of total 
energy (adjusted for age, gender, family income/poverty ratio, education level and 
race/ethnicity) than foreign-born individuals (US-born: 57.9% [95%CI: 57.3, 58.5] vs. foreign-
born: 45.4% [95%CI: 44.0, 46.8]) (76). This difference was seen across all sociodemographics 
(age, gender, income/poverty ratio, education level, ethnicity). Differences between US- and 
foreign-born UPF intakes were smaller at the highest income/poverty ratio and education 
levels (around a 10% difference compared with around a 15% difference at low and middle 
income/education levels), where UPF intake in foreign-born individuals tended to be higher 
at a higher income/poverty ratio or education level compared to lower levels, whereas UPF 
intake in US-born individuals tended to be lower at a higher income/poverty ratio or 
education level compared to lower levels (p-interaction = 0.001). US-born non-Hispanic blacks 
also consumed 50% more relative UPF as a proportion of total energy than foreign-born non-
Hispanic blacks (60.7% [95%CI: 59.7, 61.8] vs. 40.4% [95%CI: 37.0, 43.8], p < 0.001) (76). 

With marital status, unmarried, single or widowed individuals were more likely to be in the 
highest quartile of UPF intake, compared with being married or living with a partner (70,75). 
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Across ethnicities, the association was present within non-Hispanic Asian American, non-
Hispanic black and Hispanic ethnicities, but not in non-Hispanic white or other ethnicities (77). 

Gender was not significantly associated with UPF intake in most studies (71–74,76–79); but across 
2005-14, females were more likely to be in the highest quantile of UPF intake (70,75), and across 
2011-16, gender proportions across quartiles of UPF intake significantly differed, with no clear 
relationship (75). 

Adjusted mean intakes (adjusted for age, gender, education, family income/poverty ratio and 
race/ethnicity) from 2007-2012 show that younger ages (2-9- and 10-19-year-olds) consumed 
two-thirds of total energy from UPF (2-9: 65.9% [95%CI: 65.0, 66.8], 10-19: 66.8% [95%CI: 
65.9, 67.7]), 13-14% more than adults aged 60 or older (52.8% [95%CI: 51.9, 53.7]). 20-39-
year-olds also consumed nearly 60% of total energy from UPFs (59.5% [95%CI: 58.7, 60.3]), 
and 40-59-year-olds over 55% (55.2% [95%CI: 54.1, 56.4]) (71). Non-Hispanic white (60.2% 
[95%CI: 59.4, 60.9]) and black ethnicities (60.6% [95%CI: 59.7, 61.5] had the highest adjusted 
UPF intakes, 5% more than Mexican-Americans (54.8% [95%CI: 53.2, 56.3]) and 8% more than 
other Hispanics (52.0% [95%CI: 50.3, 53.7]), with all other races having the lowest UPF intake 
(49.6% [95%CI: 47.3, 51.8]), more than 10% lower than non-Hispanic white or black 
ethnicities. Individuals with a college level education or higher (55.9% [95%CI: 54.6, 57.2]) 
consumed nearly 4% less UPF as a proportion of total energy than individuals with a high 
school education (59.7% [95%CI: 59.1, 60.3]) or individuals with less than a high school 
education (59.5% [95%CI: 58.4, 60.6]) (71). Across the lowest to highest levels of family 
income/poverty ratios, there was a 2% difference in UPF intake as a proportion of total energy 
(≤1.30: 59.6% [95%CI: 58.6, 60.7] vs. >3.5:  57.7% [95%CI: 56.9, 58.6]).

From 2001 to 2018, adjusted trends in UPF intake (adjusted for age, gender, race/ethnicity, 
education level and income/poverty ratio) showed that males (+4.3%) and females (+2.7%) 
increased their UPF intake over time, to 57.2% [95%CI: 55.2, 59.1] in males and 56.8 % [95%CI: 
54.6, 59.1] females in 2017-18 (p-trend = 0.001 and 0.002, respectively) (69). UPF intake 
increased across all ages (aged 19 or older). Older adults (60 or older) had the lowest UPF 
intake in 2001-2 (51.7% [95%CI: 49.4, 54.0), but the highest in 2017-18 (57.4% [95%CI: 54.3, 
60.4]). UPF intake increased in non-Hispanic black or white individuals (p-trend = 0.001), but 
not Hispanics (p-trend = 0.081). Hispanics consistently consumed around 5% less UPF than 
non-Hispanic black or white individuals. Adults of all income levels increased their UPF intake 
from 2001 to 2018 (p-trends all < 0.05), and UPF intake increased across all education levels 
(p-trends all < 0.05), with the lowest intake in college graduates across time, about 5% lower 
than adults with lower education levels (69).

Multinational
Across 22 European countries (Austria, Belgium, Croatia, Cyprus, Czech Republic, Denmark, 
Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Portugal, Romania, 
Slovenia, Spain, Sweden, The Netherlands and the UK), gender was not significantly 
associated with UPF intake when expressed as a proportion of total energy, except for in 
Portugal (p < 0.01), where females had higher intakes than males (24.5% vs. 19.8%). UPF 
intakes typically varied by 1-4% between genders within each country.

Associations by sociodemographic predictor
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Sociodemographic associations with UPF intake by country are presented in Table 3.

Table 3 here: Country-level sociodemographic associations with UPF intake.

Age
Age was assessed across 17 countries. There was a consistent association of a younger age (in 
adults, or in adults and children) having higher UPF intakes in all countries, with some studies 
showing the highest intakes in adolescents. Differences in absolute UPF intake across ages 
were large, typically between 5-20% as a proportion of total energy, reflecting 15-100% 
relative differences in UPF intake. Two studies in the US (69), and Belgium (33), also reported 
relatively high UPF intakes in the elderly or in older adults.

Gender
Gender was assessed across 32 countries. Most of the national differences in UPF intake 
between genders were not significant, or varied in significance across studies within the same 
country (eight countries). Where significant differences were seen in Australia, Korea, 
Canada, Switzerland and the UK, males consumed around 1-4% more as a proportion of total 
energy. In Brazil, Colombia, Italy, Portugal and Spain, females consumed around 1-3% more 
UPF as a proportion of total energy.

Race/ethnicity
Three countries assessed race/ethnicity (Brazil, the UK and the US). Significant and large 
differences in UPF intake were seen across race/ethnicities, with 10-20% absolute differences 
in UPF intake as a proportion of total energy in UK and US, corresponding to 20-50% relative 
differences in UPF intake. In Brazil, the lowest quintile (≤ 13% of total energy) of UPF intake 
constituted 34% white and 64% African-descendent, compared with 57% white and 41% 
African-descendent in the highest quintile (≥ 44% of total energy) (82).

Income
Income was assessed in six countries (Australia, Brazil, Canada, Chile, Korea and the US). Five 
countries reported significant associations between income and UPF intake. 

A higher income was associated with a higher UPF intake in Chile and Brazil, with 10-15% 
absolute differences in UPF consumption as a proportion of total energy across the highest 
and lowest income levels in Brazil, and over 4% absolute differences in Chile, reflecting a 15-
100% relative increase in UPF intake with higher income.

In Australia, the second, third and fourth income quintiles had 2-3% higher adjusted absolute 
intakes of UPF as a proportion of total energy, compared with the lowest quintile (31). In the 
US, there was a 2% difference in adjusted UPF absolute intake as a proportion of total energy 
across income:poverty levels, increasing with lower income:poverty levels (71). The association 
between income and UPF intake in the US differed based on ethnicity. In Korea, there was a 
4-5% crude difference in UPF intake between low and mid-to-high incomes across 2010-18, 
but adjusted mean intakes were non-significantly different (50). In Canada, income levels 
significantly differed across terciles of UPF intake in 2015, but no difference was seen in 2004.
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Education level
Education level was assessed in 15 countries, with no assessment in individual studies from 
Colombia or the UK. There was a significant association between education level and UPF 
intake in 10 countries, with no significant association in Barbados, Belgium, Chile, Italy or 
Switzerland.

A lower education level was associated with a higher UPF intake in Australia (adjusted: 2.3% 
absolute difference, 6% relative difference) and Canada (adjusted: 1.8% absolute difference, 
4% relative difference), and in the US after 2001. Some US studies showed higher UPF intakes 
with mid-low vs. high education levels (adjusted: 4% absolute difference, 7% relative 
difference) (71), or middle education levels (73,76). The association between education level and 
UPF intake in the US also differed based on ethnicity.

In the Netherlands, a middle education level (intermediate vocational education, higher 
secondary education) was associated with about an 8-10% greater relative UPF intake than 
lower or higher education levels (in grams of UPF per 2000kcal). In France, a mid-high 
education level had the highest UPF intakes in 2006-7, with the lowest intakes in the lowest 
education level (6% absolute difference, 20% relative difference). By 2014-15, middle 
education levels were more likely, and low education levels less likely, to be in the highest 
UPF intake quartile in France. Similarly in Spain, low education levels (no formal education) 
were less likely to be in the highest quartile of UPF intake, and mid-level (primary) education 
were more likely be in the highest quartile of UPF intake, with similar proportions of 
individuals with a high education level (secondary or higher education) across quartiles of UPF 
intake (60). 

A higher education level was associated with a higher UPF intake in Brazil (across quartiles), 
Korea (adjusted: 2-3% absolute difference, 10% relative difference), Mexico (adjusted: 7.8% 
absolute difference, 25% relative difference) and Portugal (adjusted: 20-25% relative 
difference in grams), ranging from 2-8% higher as an adjusted proportion of total energy from 
UPF. 

Socioeconomic status
Socioeconomic status, assessed via indices of occupation, social class or deprivation was 
assessed in six countries, with significant, but varying associations with UPF intake in all six 
countries.

A higher socioeconomic status was associated with higher UPF intake in Colombia (adjusted: 
10% absolute, 80% relative) and Mexico (adjusted: 4.5% absolute, 15% relative).

A lower compared with higher socioeconomic status was associated with a higher UPF intake 
in Australia (adjusted: 2.5% absolute difference) and in the UK across 2008-2016 (based on 
occupational social class; 7% absolute difference, 14% relative difference) (66), but not in 2008-
9 (62), or across 2008-12 (64).

Based on occupation in Italy and France, retired individuals had the lowest UPF intakes (Italy 
adjusted: 1.9% lower absolute intake than manual occupations, 10% lower relative intake; 
France in 2006: 6-13% lower absolute intake, 20-40% lower relative intake), with broadly 
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similar intakes or higher proportions in the highest terciles of UPF intake in manual 
occupations, non-manual occupations, unemployed individuals or students (proportions of 
professional executives were similar across terciles of UPF intake in France in 2014-15).

Food insecurity
Food insecurity was assessed in three countries (Canada, France and Portugal). Higher levels 
of food insecurity were associated with a higher UPF intake in Canada (10% absolute 
difference, 20-25% relative increase in UPF across age-gender groups) and more likely to be 
in the highest tercile of UPF intake in France. Food insecurity was not significantly associated 
with UPF intake in Portugal.

Marital status
Marital status was assessed in five countries, with significant differences reported in four 
countries (France, Italy, the US and in Portuguese males), and tended to find unmarried, 
single, separated or divorced individuals had higher UPF intakes, or were more likely to be in 
the highest quantiles of UPF intake, compared with married individuals or individuals living 
together. Marital status was not significant in Korea, after adjustment for other 
sociodemographic factors, or in Portuguese females.

Household status
The number of individuals in the household was assessed in five countries, with a significant 
association with UPF intake in one country. In Spain, people living alone were less likely to be 
in the highest quartile of UPF intake, but household status was not significant in Switzerland, 
the UK, Korea or Portugal after adjustment for other sociodemographic factors or health 
behaviours. 

Rural/urbanisation
The level of urbanisation was assessed in 11 countries, with higher UPF intakes typically being 
reported in more urban than rural residences in eight countries: Brazil (10% absolute 
difference, 80% relative difference), Colombia (6% absolute difference, 50% relative 
difference), Chile (6% absolute difference, 25% relative difference), France (3% absolute 
difference, 10% relative difference), Italy (1.6% absolute difference, 10% relative difference), 
Korea in 2010-2018 (0.8% absolute difference, 3% relative difference), Mexico (5.6% absolute 
difference, about 20% relative difference) and the Netherlands (5% relative difference). 
Urbanisation was not significant in Korea during 2016-2018, after adjustment for other 
sociodemographic factors and health behaviours.

Individuals from rural residences were more likely to be in the highest tercile of UPF intake in 
Canada in 2015, but there was no significant association in 2004 after adjustment for other 
sociodemographic factors and health behaviours. Living in inner regional Australia was 
crudely associated with a higher UPF intake, and living in a major city associated with a lower 
intake, but did not remain significant after adjustment for other sociodemographic factors. 
Urbanisation was also not significantly associated with UPF intake in Portugal.

Region of country
Region of country was assessed in 11 countries, with ten countries demonstrating regional 
differences in UPF intake, typically varying by 5-10% as a proportion of total energy, or a 25-
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75% relative difference in UPF intake: Belgium (adjusted: 6-8% absolute difference, 20-25% 
relative difference), Brazil (10% absolute difference, 75% relative difference), Chile (adjusted: 
4% absolute difference, 13% relative difference), Colombia (adjusted: 9% absolute difference, 
70% relative difference), Italy (adjusted: 0.1% absolute difference, 9% relative difference), 
Mexico (adjusted: 8% absolute difference, 33% relative difference), Portugal (20% relative 
difference in grams), Spain (in 2008: 5% absolute difference, 20% relative difference), 
Switzerland (2.4% absolute difference, 8% relative difference), UK (7% absolute difference, 
14% relative difference). There was no significant difference in UPF intake across regions of 
France.

Immigrant status / Country of birth
Immigrant status or country of birth was assessed in four countries. Home-born vs. foreign-
born individuals in the US (adjusted: 12% absolute difference, 28% relative difference), home-
born and English-speaking country born individuals vs. other individuals in Australia (6-9% 
absolute difference, 20-30% relative difference), Swiss nationals vs. non-Swiss nationals in 
Switzerland (3% absolute difference, 12% relative difference) and non-immigrants vs. 
immigrants in Canada (11% absolute difference, 30% relative difference), had around 3-13% 
higher absolute intakes of UPF as a proportion of total energy, or a 10-30% higher relative 
UPF intake.

Indigenous identity
Indigenous identity was assessed in Canada only. Individuals with Indigenous identity were 
more likely to be in the highest tercile of UPF intake (44).

Associations by country-level income and adjusted analyses 

When considering upper-middle income countries (Brazil, Colombia and Mexico), a higher 
socioeconomic score was associated with higher UPF intake in Colombia and Mexico, a higher 
income with higher UPF intake in Brazil, higher education level with higher UPF intake in Brazil 
and Colombia, and a higher UPF intake in all three countries in a more urban residence. 

When considering multivariate adjusted associations only, 19 studies across 13 countries 
reported sociodemographic associations adjusted for other sociodemographic characteristics 
and health behaviours. The majority of the significant crude associations between 
sociodemographic variables and UPF intake remained significant with adjustment for other 
variables. Further details are provided in the supplementary materials. 

Assessment of methodological quality 

Risk of bias scores for each study are presented in table 1. Most studies scored a 5 or 7 out of 
10 (average: 5.7/10), depending on whether adjustment was made for one or more 
sociodemographic variables. Risk of bias scores were higher (indicating a lower risk of bias) 
for studies performing adjustment for other sociodemographic factors.

Discussion
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This systematic review included 55 nationally representative studies, spanning 32 countries 
and three decades of dietary intake. Average UPF intake varied greatly across countries, from 
14-16% of total energy intake in Italy, Romania and Colombia, to 61% in the Netherlands. 
Intakes also varied greatly within countries, with several sociodemographic factors being 
independently associated with UPF intake. 

Age (being highest in either younger adults, or adolescents and children) demonstrated a 
consistent inverse association with UPF intake, with a large magnitude difference in UPF 
intake with age. Other sociodemographic characteristics associated with large magnitude 
differences in UPF intake across strata included race/ethnicity, income, country of birth, 
region of the country, rural/urban living and food insecurity. Despite only a few studies 
reporting on race/ethnicity, ethnic differences in UPF intake were large, with 10-20% absolute 
differences as a proportion of total energy. Similar magnitude differences were seen in the 
small number of countries reporting UPF intake based on country of birth or food insecurity, 
except no difference in UPF intake seen in Portugal across levels of food insecurity.

Living in an urban residence and being unmarried, single, separated or divorced were typically 
associated with a higher UPF intake, whereas education level, income and socioeconomic 
status showed varying directions of association with UPF intake, depending on country. 
Gender was generally not significantly associated with UPF intake in most countries, and 
neither was the number of individuals in the household. At least one multivariate adjusted 
association was reported in 13 countries, showing largely unchanged estimates from the 
crude associations. These findings indicate that the significant and large differences in UPF 
intake across levels of sociodemographic variables are independent of other 
sociodemographic variables.

The results from this systematic review confirm and contrast with the findings from previous 
reviews. Similar to the results in this systematic review, a systematic review that included 
non-nationally representative samples suggested minimal differences in UPF intake with 
gender, but with higher intakes in younger ages (15). One review suggested links between a 
younger age, urban residence, male gender, lower education level, lower household income 
and food insecurity with higher UPF intake (13). Another review suggested links between age, 
gender, education and income with UPF intake, and also a varying association of 
socioeconomic status depending on country-level income (14). This review also identified 
urban living as an important predictor of greater UPF intake, which is also in line with the 
findings from global UPF sales and household purchases (3,5). But, male gender was not 
consistently associated with higher UPF intakes, and the association between education level 
and UPF intake varied across countries. Indeed, in UMICs, higher education levels, incomes 
and socioeconomic status tended to have higher UPF intakes, but the association between 
education level and UPF intake across HICs varied. In the US, differences in UPF intake across 
levels of education and income also showed contrasting associations across ethnic groups, 
and in Portugal, the association between education level and UPF intake differed based on 
age. These findings indicate the need for more detailed assessments in other countries to 
tease apart the sociodemographic inter-relationships with UPF intake. Race/ethnicity, region 
of the country and country of birth were all significant predictors of UPF intake in this 
systematic review, but had largely been unconsidered in previous reviews. Given the lack of 
studies assessing the association between food insecurity and UPF intake, and the large 

Page 21 of 67



22

differences in food insecurity across ethnic groups (83), these highlight important and 
understudied sociodemographic associations for the consumption of UPF intake.

Meta-analyses demonstrate significantly increased risks of poor health with each 10% 
increment in UPF intake as a proportion of total energy in the diet, including a 15% increased 
risk of all-cause mortality (84), 7% higher risk of overweight, 6% higher risk of obesity, 5% 
higher risk of abdominal obesity (85) and 15% higher risk of type 2 diabetes (86). Meta analyses 
comparing the highest vs. lowest quantiles of UPF intake from prospective cohort studies also 
show a 25% higher risk of all-cause mortality, 29% higher risk of cardiovascular disease 
incidence and mortality, 11% higher risk of overweight or obesity, 20% higher risk of 
depression (9) and 23% higher risk of hypertension (87). The magnitude of the absolute 
differences in UPF within several sociodemographic variables reported in this systematic 
review were typically in the range of 5-20% of total energy intake (e.g. across age, 
race/ethnicity, income, country of birth and region of the country) and independent of other 
sociodemographic variables. These independent differences in UPF intake correspond with 
the differences in UPF exposure that are associated with significantly increased risks of non-
communicable disease reported in meta-analyses. The findings from this systematic review 
highlight existing health inequalities across sociodemographic subgroups associated with 
increased UPF intake, and future sociodemographic differences in non-communicable disease 
incidence. Furthermore, by considering each of the independent sociodemographic 
associations produces striking differences in mean UPF intake across specific 
sociodemographic populations. For example in Mexico, the average male adult, living in a 
rural residence in the south of the country, with a low socioeconomic status and from a 
household with no head of household education consumes 39.3% less UPF as a proportion of 
total energy than the average female pre-school child, living in an urban residence in North 
Mexico with a medium-high socioeconomic status and from a household with a head of the 
household with a college graduate education (25.2% vs. 64.5%) (54). Given the growing 
epidemics of obesity and cardiometabolic disease, these results present an alarming picture 
regarding the incidence of future adiposity-related cardiometabolic disease. 

Notably, no studies included in this review were from Africa or Asia, accounting for over half 
of the global population. Non-nationally representative samples from Asian countries also 
demonstrate sociodemographic associations with UPF intake, supplementing the global 
picture of national UPF intake patterns. With almost a fifth of the global population, results 
from the China Health and Nutrition Survey across 1997-2009 (CHNS; 12,451 adults sampled 
using a random, complex multistage methodology across nine of 31 Chinese provinces, but 
not considered to be nationally representative (88)) showed that the highest UPF consumers 
(50g UPF/day) vs. non-consumers vs. (0g/day) were more likely to be male, have a higher 
income, higher education level and live in an urban residence (22), similar to the UMICs in this 
review. Age was not significantly associated with UPF intake. However, another CNHS study 
reported similar findings, except age was positively associated with UPF intake, in contrast to 
the findings here,  (89). Other Asian samples report differences in UPF intake with a younger 
age, higher education level and race/ethnicity, with variable gender associations. In Jakarta, 
Indonesia, a younger age was associated with increased UPF intake (90), and in a multicentric 
study from Iran, being under 40 (vs. 40 or older) and having a higher level of education were 
associated with higher intakes of UPF, but there was no difference in UPF intake with gender 
(91). In middle-aged Japanese adults, people who were never married, living alone, in regular 
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full-time work and with a lower income had higher UPF intakes, but no difference was seen 
with age, gender or number of children (92). In the Singaporean multi-ethnic cohort study, the 
highest vs. lowest quartiles of UPF intake (85.9% vs 51.8% of total energy) were more likely 
to be younger, male, be of Malay or other ethnicity, and less likely to be of Indian or Chinese 
ethnicity (23). In the Taiwan, a higher UPF intake was seen with a younger age and a higher 
education level, but gender was not significant (24). Improving the understanding the 
sociodemographic patterns of individual-level UPF intake in African and Asian nations 
represents a key research focus for understanding the global implications of UPF 
consumption.

Strengths and limitations

This review builds upon previous reviews by systematically reporting sociodemographic 
predictors of individual-level UPF intake from nationally representative samples, reducing 
biases resulting from convenience sampling, increasing the generalisability of results to each 
nation. The use of food consumption surveys strengthens the confidence in assessing 
individual-level UPF intake, compared with household purchase data. This review reported all 
sociodemographic predictors from included studies, including those which were not 
associated with UPF intake, and provided absolute and relative quantitative estimates of 
differences in UPF intake across sociodemographic strata. Multivariate analyses were 
conducted in several countries in this review, allowing for the identification of independent 
sociodemographic associations, separate to other sociodemographic characteristics and 
health behaviours.

However, some limitations must be considered. First, the lack of complete reporting of all 
sociodemographic predictors precludes determining the most important sociodemographic 
determinants of UPF intake. Within each country, most studies considered age and gender, 
but other sociodemographic predictors were not consistently reported across all studies, and 
multivariate adjustments in assessing associations were not performed in all countries. In 
addition, different metrics and stratifications were used across papers to report the same 
sociodemographic factor (e.g. different methods of assessing socioeconomic status), limiting 
comparability. Other sociodemographic influences were also not considered, such as work 
shift pattern. Second, the use of food consumption surveys was a criterion for inclusion, but 
are time intensive and costly. Combined with the requirement for nationally representative 
sampling methodology, the inclusion criteria biased towards including higher income 
countries with the resources to conduct such studies. Meaning, many countries were not 
included in this review, particularly those from middle- and low-income countries. Third, UPF 
intake was self-reported, as was the assessment of sociodemographic variables, which may 
have introduced recall bias or bias from misreporting. The dietary assessment method used 
to assess UPF intake is an important factor. Accurate classification requires extensive details 
on a food item, which is typically more than what is provided in an FFQ. FFQs also do not allow 
for the ability to categorise similar foods into different NOVA groups (for example, a single 
item in the FFQ for all breads or lasagne). Multiple-day, 24-hour recalls or food diaries have 
greater potential to identify UPFs and estimate habitual UPF intake from detailed, open-
ended, questions, connected to a database of several thousand food items. All but one study 
in this analysis used 24-hour recalls or food diaries with an extensive food database coded 
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into NOVA to estimate UPF intake, and most assessed intakes over multiple days. Only one 
cohort assessed UPF intake with a standalone FFQ. This reduced the risk of misclassification 
that may occur with less detailed FFQs. However, misclassification is still possible, and the 
classification of specific foods into NOVA processing groups may vary across studies from 
coding error. Some studies used a single 24-hour recall, which, whilst providing more granular 
detail than an FFQ, may not accurately reflect habitual intake. Fourth, despite the NOVA 
classification being used extensively in research and implemented in national dietary 
guidelines or health organisation recommendations, there is still disagreement regarding the 
utility and validity of measuring UPF intake using the NOVA classification. Fifth, bias may have 
been introduced through excluding participants with missing data for complete case analyses 
in the adjusted models, or in reports of unadjusted cohort characteristics, depending on the 
specific outcome of interest in the study. However, agreement amongst samples was high, 
and the consistency within each country indicates that the impact of exclusion bias across 
samples was minimal. Most studies did not compare the characteristics of excluded and 
included samples, resulting in lower risk of bias scores, making it unclear as to the extent of 
this bias. Adjustment in multivariate models for confounding factors can allow for the 
determination of independent associations, but not all studies considered all potential 
sociodemographic factors in multivariate models. Furthermore, some studies also adjusted 
for non-sociodemographic factors, such as health behaviours, diet quality or BMI, which may 
bias the estimates for sociodemographic variables. Fifth, the methodological rigour required 
to meet the inclusion criteria of this systematic review increased the certainty of the evidence 
examining the relationship between sociodemographic factors and individual-level UPF intake 
during specific times or across time in nationally representative samples. However, it is not 
possible to ascertain the extent to which differences within surveys that span different time 
periods are due to bias, changes in measurement methodology, different analytical 
approaches, or from genuine changes in UPF intake. Finally, the narrative synthesis limits the 
ability to determine overall associations within countries and across sociodemographic 
variables. It was not possible to synthesise papers quantitatively, due to differences in the 
reporting of sociodemographic associations (e.g. reporting mean UPF intakes or associations 
across quantiles of UPF intake), and whether papers analysed a single cross-sectional sample, 
repeated cross-sectional samples, or trends over time. 

Implications and further research

The systematic assessment of sociodemographic determinants of UPF intake in this review 
indicates that UPF intake is unevenly distributed within nations, varying based on previously 
identified factors such as age and income, but also with previously unconsidered factors such 
as race/ethnicity or by region of each country. Furthermore, sociodemographic predictors 
such as gender appear to be less important than previously suggested, and others, such as 
education or income, are more nuanced than previously suggested. The results here have 
implications for health policy and research, indicating that certain groups may obtain greater 
benefit from policy action and targeted/directed interventions. Importantly, the associations 
between UPF intake and sociodemographic factors are likely to be a reflection of social 
injustice, and the adverse associations linked with UPF a result of such inequalities. These 
findings indicate a need to consider social, cultural and geographical influences on UPF intake, 
and how barriers to reducing UPF intake and accessing MPF may vary across 
sociodemographic populations within each country. Whether a given food may be considered 

Page 24 of 67



25

as UPF can vary across countries, depending on the typical processing method. For example, 
breads are typically considered as PF in Australia, but as UPF in the UK. Such cultural 
differences need to be taken into account when considering public health interventions 
regarding UPF intake. Little is still known about the actual consumption of UPF within many 
populations (93). There is a need for more nationally representative samples assessing 
individual-level dietary intake that perform multivariate adjustments of a wider range of 
sociodemographic predictors of UPF intake, particularly in middle- and low-income countries, 
and in Africa and Asia. 

Conclusion

Average UPF intake varies greatly across countries, but within each country, a number of 
sociodemographic variables are independently associated with UPF intake, including age, 
race/ethnicity, marital status, education level, income, rural/urbanisation and region of the 
country. These are likely a reflection of social injustice. Gender and household status were 
largely not significantly associated with UPF intake. The magnitude of the differences in UPF 
intake across sociodemographic levels are comparable to the magnitudes associated with 
increased risks of obesity, cardiometabolic disease and all-cause mortality, highlighting the 
importance of policy action and interventions to minimise the health inequalities relating to 
social injustice.
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Figure 1. PRISMA Flow diagram of the systematic search process and study selection.

References
1. World Health Organisation. Obesity and overweight [Internet]. [cited 2020 Apr 22]. 

Available from: https://www.who.int/news-room/fact-sheets/detail/obesity-and-
overweight

2. NCD Risk Factor Collaboration (NCD-RisC). Trends in adult body-mass index in 200 
countries from 1975 to 2014: a pooled analysis of 1698 population-based 
measurement studies with 19·2 million participants. Lancet Lond. Engl. 2016 Apr 
2;387(10026):1377–96. 

3. Popkin BM, Ng SW. The nutrition transition to a stage of high obesity and 
noncommunicable disease prevalence dominated by ultra-processed foods is not 
inevitable. Obes. Rev. 2022;23(1):e13366. 

4. Monteiro CA, Cannon G, Levy RB, et al. Ultra-processed foods: what they are and how to 
identify them. Public Health Nutr. Cambridge University Press; 2019 Apr;22(5):936–41. 

5. Baker P, Machado P, Santos T, et al. Ultra-processed foods and the nutrition transition: 
Global, regional and national trends, food systems transformations and political 
economy drivers. Obes. Rev. 2020;21(12):e13126. 

6. Monteiro CA, Moubarac J-C, Cannon G, et al. Ultra-processed products are becoming 
dominant in the global food system. Obes. Rev. 2013;14(S2):21–8. 

7. Vandevijvere S, Jaacks LM, Monteiro CA, et al. Global trends in ultraprocessed food and 
drink product sales and their association with adult body mass index trajectories. Obes. 
Rev. Off. J. Int. Assoc. Study Obes. 2019 Nov;20 Suppl 2:10–9. 

8. Dicken SJ, Batterham RL. The Role of Diet Quality in Mediating the Association between 
Ultra-Processed Food Intake, Obesity and Health-Related Outcomes: A Review of 
Prospective Cohort Studies. Nutrients. Multidisciplinary Digital Publishing Institute; 
2022 Jan;14(1):23. 

9. Pagliai G, Dinu M, Madarena MP, et al. Consumption of ultra-processed foods and 
health status: a systematic review and meta-analysis. Br. J. Nutr. 2021 Feb 
14;125(3):308–18. 

Page 26 of 67



27

10. Lichtenstein AH, Appel LJ, Vadiveloo M, et al. 2021 Dietary Guidance to Improve 
Cardiovascular Health: A Scientific Statement From the American Heart Association. 
Circulation. American Heart Association; 2021;CIR.0000000000001031. 

11. Ministry of Health of Brazil. Dietary Guidelines for the Brazilian population. [Internet]. 
2015 [cited 2021 Oct 14]. Available from: 
https://bvsms.saude.gov.br/bvs/publicacoes/dietary_guidelines_brazilian_population.
pdf

12. Dicken SJ, Batterham RL. Ultra-processed food: a global problem requiring a global 
solution. Lancet Diabetes Endocrinol. 2022 Oct;10(10):691–4. 

13. Zhang Y, Giovannucci EL. Ultra-processed foods and health: a comprehensive review. 
Crit. Rev. Food Sci. Nutr. Taylor & Francis; 2022 Jun 6;0(0):1–13. 

14. Crimarco A, Landry MJ, Gardner CD. Ultra-processed Foods, Weight Gain, and Co-
morbidity Risk. Curr. Obes. Rep. 2021 Oct 22;1–13. 

15. Marino M, Puppo F, Del Bo’ C, et al. A Systematic Review of Worldwide Consumption of 
Ultra-Processed Foods: Findings and Criticisms. Nutrients. Multidisciplinary Digital 
Publishing Institute; 2021 Aug;13(8):2778. 

16. Vandevijvere S, Monteiro C, Krebs-Smith SM, et al. Monitoring and benchmarking 
population diet quality globally: a step-wise approach. Obes. Rev. 2013;14(S1):135–49. 

17. Martini D, Godos J, Bonaccio M, et al. Ultra-Processed Foods and Nutritional Dietary 
Profile: A Meta-Analysis of Nationally Representative Samples. Nutrients. 
Multidisciplinary Digital Publishing Institute; 2021 Oct;13(10):3390. 

18. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ. British Medical Journal Publishing 
Group; 2021 Mar 29;372:n71. 

19. Liu J, Steele EM, Li Y, et al. Consumption of Ultraprocessed Foods and Diet Quality 
Among U.S. Children and Adults. Am. J. Prev. Med. Elsevier; 2022 Feb 1;62(2):252–64. 

20. Shim J-S, Shim SY, Cha H-J, et al. Association between Ultra-processed Food 
Consumption and Dietary Intake and Diet Quality in Korean Adults. J. Acad. Nutr. Diet. 
Elsevier; 2022 Mar 1;122(3):583–94. 

21. Pestoni G, Habib L, Reber E, et al. Ultraprocessed Food Consumption is Strongly and 
Dose-Dependently Associated with Excess Body Weight in Swiss Women. Obesity. 
2021;29(3):601–9. 

22. Li M, Shi Z. Ultra-Processed Food Consumption Associated with Overweight/Obesity 
among Chinese Adults—Results from China Health and Nutrition Survey 1997–2011. 
Nutrients. 2021 Aug 15;13(8):2796. 

23. Teo PS, Tso R, van Dam RM, et al. Taste of Modern Diets: The Impact of Food Processing 
on Nutrient Sensing and Dietary Energy Intake. J. Nutr. 2022 Jan 1;152(1):200–10. 

24. Huang Y-C, Huang P-R, Lo Y-TC, et al. Food Processing and Phthalate Exposure: The 
Nutrition and Health Survey in Taiwan (1993–1996 and 2005–2008). Front. Nutr. 2021 
Nov 17;8:766992. 

25. El Kinany K, Huybrechts I, Hatime Z, et al. Food processing groups and colorectal cancer 
risk in Morocco: evidence from a nationally representative case-control study. Eur. J. 
Nutr. 2022 Aug;61(5):2507–15. 

26. Costa CDS, Steele EM, Faria FR de, et al. Score of ultra-processed food consumption and 
its association with sociodemographic factors in the Brazilian National Health Survey, 
2019. Cad. Saude Publica. 2022;38Suppl 1(Suppl 1):e00119421. 

Page 27 of 67



28

27. Oviedo-Solís CI, Monterrubio-Flores EA, Rodríguez-Ramírez S, et al. A Semi-quantitative 
Food Frequency Questionnaire Has Relative Validity to Identify Groups of NOVA Food 
Classification System Among Mexican Adults. Front. Nutr. [Internet]. 2022 [cited 2022 
Oct 26];9. Available from: 
https://www.frontiersin.org/articles/10.3389/fnut.2022.737432

28. Grech A, Rangan A, Allman-Farinelli M, et al. A Comparison of the Australian Dietary 
Guidelines to the NOVA Classification System in Classifying Foods to Predict Energy 
Intakes and Body Mass Index. Nutrients. Multidisciplinary Digital Publishing Institute; 
2022 Jan;14(19):3942. 

29. Machado PP, Steele EM, Louzada ML da C, et al. Ultra-processed food consumption 
drives excessive free sugar intake among all age groups in Australia. Eur. J. Nutr. 2020 
Sep;59(6):2783–92. 

30. Machado PP, Steele EM, Levy RB, et al. Ultra-processed food consumption and obesity 
in the Australian adult population. Nutr. Diabetes. 2020 Dec 5;10:39. 

31. Marchese L, Livingstone KM, Woods JL, et al. Ultra-processed food consumption, socio-
demographics and diet quality in Australian adults. Public Health Nutr. 2021;25(1):94–
104. 

32. Harris RM, Rose AMC, Soares-Wynter S, et al. Ultra-processed food consumption in 
Barbados: evidence from a nationally representative, cross-sectional study. J. Nutr. Sci. 
2021 Apr 22;10:e29. 

33. Vandevijvere S, De Ridder K, Fiolet T, et al. Consumption of ultra-processed food 
products and diet quality among children, adolescents and adults in Belgium. Eur. J. 
Nutr. 2019 Dec 1;58(8):3267–78. 

34. Vandevijvere S, Pedroni C, De Ridder K, et al. The Cost of Diets According to Their Caloric 
Share of Ultraprocessed and Minimally Processed Foods in Belgium. Nutrients. 
Multidisciplinary Digital Publishing Institute; 2020 Sep;12(9):2787. 

35. Louzada ML da C, Levy RB, Martins APB, et al. Validating the usage of household food 
acquisition surveys to assess the consumption of ultra-processed foods: Evidence from 
Brazil. Food Policy. 2017 Oct 1;72:112–20. 

36. Verly-Jr E, Pereira A da S, Marques ES, et al. Reducing ultra-processed foods and 
increasing diet quality in affordable and culturally acceptable diets: a study case from 
Brazil using linear programming. Br. J. Nutr. Cambridge University Press; 2021 
Aug;126(4):572–81. 

37. Louzada ML da C, Baraldi LG, Steele EM, et al. Consumption of ultra-processed foods 
and obesity in Brazilian adolescents and adults. Prev. Med. 2015 Dec 1;81:9–15. 

38. Canella DS, Louzada ML da C, Claro RM, et al. Consumption of vegetables and their 
relation with ultra-processed foods in Brazil. Rev. Saúde Pública. 2018 May 3;52:50. 

39. Nilson EAF, Ferrari G, Louzada MLC, et al. Premature Deaths Attributable to the 
Consumption of Ultraprocessed Foods in Brazil. Am. J. Prev. Med. [Internet]. Elsevier; 
2022 Nov 7 [cited 2022 Nov 15];0(0). Available from: 
https://www.ajpmonline.org/article/S0749-3797(22)00429-9/fulltext#relatedArticles

40. Moubarac J-C, Batal M, Louzada ML, et al. Consumption of ultra-processed foods 
predicts diet quality in Canada. Appetite. 2017 Jan 1;108:512–20. 

41. Nardocci M, Leclerc B-S, Louzada M-L, et al. Consumption of ultra-processed foods and 
obesity in Canada. Can. J. Public Health Rev. Can. Santé Publique. 2018 Sep 
20;110(1):4–14. 

Page 28 of 67



29

42. Polsky JY, Moubarac J-C, Garriguet D. Consumption of ultra-processed foods in Canada. 
Health Rep. 2020 Nov 18;31(11):3–15. 

43. Hutchinson J, Tarasuk V. The relationship between diet quality and the severity of 
household food insecurity in Canada. Public Health Nutr. Cambridge University Press; 
2022 Apr;25(4):1013–26. 

44. Nardocci M, Polsky JY, Moubarac J-C. Consumption of ultra-processed foods is 
associated with obesity, diabetes and hypertension in Canadian adults. Can. J. Public 
Health. 2021 Jun 1;112(3):421–9. 

45. Cediel G, Reyes M, da Costa Louzada ML, et al. Ultra-processed foods and added sugars 
in the Chilean diet (2010). Public Health Nutr. 2018 Jan;21(1):125–33. 

46. Khandpur N, Cediel G, Obando DA, et al. Sociodemographic factors associated with the 
consumption of ultra-processed foods in Colombia. Rev. Saúde Pública. 2020;54:19. 

47. Calixto Andrade G, Julia C, Deschamps V, et al. Consumption of Ultra-Processed Food 
and Its Association with Sociodemographic Characteristics and Diet Quality in a 
Representative Sample of French Adults. Nutrients. 2021 Feb 20;13(2):682. 

48. Salomé M, Arrazat L, Wang J, et al. Contrary to ultra-processed foods, the consumption 
of unprocessed or minimally processed foods is associated with favorable patterns of 
protein intake, diet quality and lower cardiometabolic risk in French adults (INCA3). 
Eur. J. Nutr. 2021 Oct;60(7):4055–67. 

49. Ruggiero E, Esposito S, Costanzo S, et al. Ultra-processed food consumption and its 
correlates among Italian children, adolescents and adults from the Italian Nutrition & 
Health Survey (INHES) cohort study. Public Health Nutr. Cambridge University Press; 
2021 Dec;24(18):6258–71. 

50. Shim J-S, Shim S-Y, Cha H-J, et al. Socioeconomic Characteristics and Trends in the 
Consumption of Ultra-Processed Foods in Korea from 2010 to 2018. Nutrients. 2021 
Mar 29;13(4):1120. 

51. Sung H, Park JM, Oh SU, et al. Consumption of Ultra-Processed Foods Increases the 
Likelihood of Having Obesity in Korean Women. Nutrients. 2021 Feb 22;13(2):698. 

52. Shim SY, Kim HC, Shim J-S. Consumption of Ultra-Processed Food and Blood Pressure in 
Korean Adults. Korean Circ. J. 2021 Nov 1;52(1):60–70. 

53. Marrón-Ponce JA, Flores M, Cediel G, et al. Associations between Consumption of Ultra-
Processed Foods and Intake of Nutrients Related to Chronic Non-Communicable 
Diseases in Mexico. J. Acad. Nutr. Diet. 2019 Nov 1;119(11):1852–65. 

54. Marrón-Ponce JA, Sánchez-Pimienta TG, Louzada ML da C, et al. Energy contribution of 
NOVA food groups and sociodemographic determinants of ultra-processed food 
consumption in the Mexican population. Public Health Nutr. Cambridge University 
Press; 2018 Jan;21(1):87–93. 

55. Vellinga RE, van Bakel M, Biesbroek S, et al. Evaluation of foods, drinks and diets in the 
Netherlands according to the degree of processing for nutritional quality, 
environmental impact and food costs. BMC Public Health. 2022 May 3;22(1):877. 

56. Miranda RC de, Rauber F, Moraes MM de, et al. Consumption of ultra-processed foods 
and non-communicable disease-related nutrient profile in Portuguese adults and 
elderly (2015–2016): the UPPER project. Br. J. Nutr. Cambridge University Press; 2021 
May;125(10):1177–87. 

57. Magalhães V, Severo M, Correia D, et al. Associated factors to the consumption of ultra-
processed foods and its relation with dietary sources in Portugal. J. Nutr. Sci. 
Cambridge University Press; 2021 ed;10:e89. 

Page 29 of 67



30

58. Romero Ferreiro C, Cancelas Navia P, Lora Pablos D, et al. Geographical and Temporal 
Variability of Ultra-Processed Food Consumption in the Spanish Population: Findings 
from the DRECE Study. Nutrients. 2022 Aug 6;14(15):3223. 

59. Romero Ferreiro C, Martín-Arriscado Arroba C, Cancelas Navia P, et al. Ultra-processed 
food intake and all-cause mortality: DRECE cohort study. Public Health Nutr. 2021 Aug 
5;1–28. 

60. Blanco-Rojo R, Sandoval-Insausti H, López-Garcia E, et al. Consumption of Ultra-
Processed Foods and Mortality: A National Prospective Cohort in Spain. Mayo Clin. 
Proc. 2019 Nov;94(11):2178–88. 

61. Bertoni Maluf VA, Bucher Della Torre S, Jotterand Chaparro C, et al. Description of Ultra-
Processed Food Intake in a Swiss Population-Based Sample of Adults Aged 18 to 75 
Years. Nutrients. Multidisciplinary Digital Publishing Institute; 2022 Jan;14(21):4486. 

62. Lam MCL, Adams J. Association between home food preparation skills and behaviour, 
and consumption of ultra-processed foods: Cross-sectional analysis of the UK National 
Diet and nutrition survey (2008–2009). Int. J. Behav. Nutr. Phys. Act. 2017 May 
23;14:68. 

63. Madruga M, Steele EM, Reynolds C, et al. Trends in food consumption according to the 
degree of food processing among the UK population over 11 years. Br. J. Nutr. 
Cambridge University Press; 2022 Oct 19;1–8. 

64. Adams J, White M. Characterisation of UK diets according to degree of food processing 
and associations with socio-demographics and obesity: cross-sectional analysis of UK 
National Diet and Nutrition Survey (2008–12). Int. J. Behav. Nutr. Phys. Act. 2015 Dec 
18;12(1):160. 

65. Rauber F, Louzada ML da C, Steele EM, et al. Ultra-processed foods and excessive free 
sugar intake in the UK: a nationally representative cross-sectional study. BMJ Open. 
British Medical Journal Publishing Group; 2019 Oct 1;9(10):e027546. 

66. Rauber F, Steele EM, Louzada ML da C, et al. Ultra-processed food consumption and 
indicators of obesity in the United Kingdom population (2008-2016). PLoS ONE 
[Internet]. 2020 May 1 [cited 2021 Feb 26];15(5). Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194406/

67. Souza TN, Andrade GC, Rauber F, et al. Consumption of ultra-processed foods and the 
eating location: can they be associated? Br. J. Nutr. Cambridge University Press; 2022 
Oct;128(8):1587–94. 

68. Kim H, Hu EA, Rebholz CM. Ultra-processed food intake and mortality in the United 
States: Results from the Third National Health and Nutrition Examination Survey 
(NHANES III 1988-1994). Public Health Nutr. 2019 Jul;22(10):1777–85. 

69. Juul F, Parekh N, Martinez-Steele E, et al. Ultra-processed food consumption among US 
adults from 2001 to 2018. Am. J. Clin. Nutr. [Internet]. 2021 Oct 14 [cited 2021 Oct 
23];(nqab305). Available from: https://doi.org/10.1093/ajcn/nqab305

70. Juul F, Martinez-Steele E, Parekh N, et al. Ultra-processed food consumption and excess 
weight among US adults. Br. J. Nutr. Cambridge University Press; 2018 Jul;120(1):90–
100. 

71. Baraldi LG, Martinez Steele E, Canella DS, et al. Consumption of ultra-processed foods 
and associated sociodemographic factors in the USA between 2007 and 2012: evidence 
from a nationally representative cross-sectional study. BMJ Open. 2018 Mar 
9;8(3):e020574. 

Page 30 of 67



31

72. Martínez Steele E, Khandpur N, Louzada ML da C, et al. Association between dietary 
contribution of ultra-processed foods and urinary concentrations of phthalates and 
bisphenol in a nationally representative sample of the US population aged 6 years and 
older. PLOS ONE. Public Library of Science; 2020 Jul 31;15(7):e0236738. 

73. Martínez Steele E, Juul F, Neri D, et al. Dietary share of ultra-processed foods and 
metabolic syndrome in the US adult population. Prev. Med. 2019 Aug 1;125:40–8. 

74. Yang Q, Zhang Z, Steele EM, et al. Ultra-Processed Foods and Excess Heart Age Among 
U.S. Adults. Am. J. Prev. Med. 2020 Nov 1;59(5):e197–206. 

75. Zheng L, Sun J, Yu X, et al. Ultra-Processed Food Is Positively Associated With Depressive 
Symptoms Among United States Adults. Front. Nutr. 2020 Dec 15;7:600449. 

76. Martínez Steele E, Khandpur N, Sun Q, et al. The impact of acculturation to the US 
environment on the dietary share of ultra-processed foods among US adults. Prev. 
Med. 2020 Dec 1;141:106261. 

77. Pachipala K, Shankar V, Rezler Z, et al. Acculturation and Associations with Ultra-
processed Food Consumption among Asian Americans: NHANES, 2011–2018. J. Nutr. 
2022 Jul 1;152(7):1747–54. 

78. Buckley JP, Kim H, Wong E, et al. Ultra-processed food consumption and exposure to 
phthalates and bisphenols in the US National Health and Nutrition Examination Survey, 
2013–2014. Environ. Int. 2019 Oct;131:105057. 

79. Kim H, Rebholz CM, Wong E, et al. Urinary organophosphate ester concentrations in 
relation to ultra-processed food consumption in the general US population. Environ. 
Res. 2020 Mar;182:109070. 

80. Mertens E, Colizzi C, Peñalvo JL. Ultra-processed food consumption in adults across 
Europe. Eur. J. Nutr. [Internet]. 2021 Dec 3 [cited 2022 Jan 26]; Available from: 
https://doi.org/10.1007/s00394-021-02733-7

81. Shim J-S. Ultra-processed foods and total sugars intake in Korea: evidence from the 
Korea National Health and Nutrition Examination Survey 2016–2018. Nutr. Res. Pract. 
2022 Aug;16(4):476–88. 

82. Louzada ML da C, Baraldi LG, Steele EM, et al. Consumption of ultra-processed foods 
and obesity in Brazilian adolescents and adults. Prev. Med. 2015 Dec 1;81:9–15. 

83. Odoms-Young AM. Examining the Impact of Structural Racism on Food Insecurity: 
Implications for Addressing Racial/Ethnic Disparities. Fam. Community Health. 
2018;41(Suppl 2 FOOD INSECURITY AND OBESITY):S3–6. 

84. Suksatan W, Moradi S, Naeini F, et al. Ultra-Processed Food Consumption and Adult 
Mortality Risk: A Systematic Review and Dose–Response Meta-Analysis of 207,291 
Participants. Nutrients. 2021 Dec 30;14(1):174. 

85. Moradi S, Entezari MH, Mohammadi H, et al. Ultra-processed food consumption and 
adult obesity risk: a systematic review and dose-response meta-analysis. Crit. Rev. 
Food Sci. Nutr. Taylor & Francis; 2021 Jun 30;1–12. 

86. Moradi S, Hojjati Kermani M ali, Bagheri R, et al. Ultra-Processed Food Consumption and 
Adult Diabetes Risk: A Systematic Review and Dose-Response Meta-Analysis. Nutrients. 
2021 Dec 9;13(12):4410. 

87. Wang M, Du X, Huang W, et al. Ultra-Processed Foods Consumption Increases the Risk 
of Hypertension in Adults: A Systematic Review and Meta-Analysis. Am. J. Hypertens. 
2022 Oct 1;35(10):892–901. 

Page 31 of 67



32

88. Popkin BM, Du S, Zhai F, et al. Cohort Profile: The China Health and Nutrition Survey—
monitoring and understanding socio-economic and health change in China, 1989–2011. 
Int. J. Epidemiol. 2010 Dec 1;39(6):1435–40. 

89. Li M, Shi Z. Ultra-Processed Food Consumption Associated with Incident Hypertension 
among Chinese Adults—Results from China Health and Nutrition Survey 1997–2015. 
Nutrients. Multidisciplinary Digital Publishing Institute; 2022 Jan;14(22):4783. 

90. Setyowati D, Andarwulan N, Giriwono PE. Processed and ultraprocessed food 
consumption pattern in the Jakarta Individual Food Consumption Survey 2014. Asia 
Pac. J. Clin. Nutr. 2018;27(4):840–7. 

91. Haghighatdoost F, Hajihashemi P, Mohammadifard N, et al. Association between ultra-
processed foods consumption and micronutrient intake and diet quality in Iranian 
adults: A multicentric study. Public Health Nutr. 2022 Oct 24;1–26. 

92. Koiwai K, Takemi Y, Hayashi F, et al. Consumption of ultra-processed foods decreases 
the quality of the overall diet of middle-aged Japanese adults. Public Health Nutr. 
Cambridge University Press; 2019 Nov;22(16):2999–3008. 

93. Walls HL, Johnston D, Mazalale J, et al. Why we are still failing to measure the nutrition 
transition. BMJ Glob. Health. 2018 Feb 21;3(1):e000657. 

Page 32 of 67



33

Table 1. Studies included in the systematic review, and study-level associations of sociodemographic predictors and UPF intake. 

Country Author, year Cohort Sampling 
method

Year(s) of 
analysis

Sample size Diet assessment 
method

Average UPF 
intake

Sociodemographics associated with higher 
UPF intake

Sociodemographics 
not associated 
with higher UPF 
intake

Risk of bias 
(/10)

Grech, 2022 9,341, aged 
>=19

40.4% (%kcal) Unadjusted: Younger age, male, lower 
socioeconomic index for area (SEIFA, Index of 
Relative Socio-economic Disadvantage), 
lower education level, Australian born, living 
in inner regional Australia (lower intake in 
major cities).

 5

Machado, 
2020

7,411, aged 
>=20

38.9% (%kcal) 
(Range: 0-100)

Unadjusted: Younger age, lower 
socioeconomic index for area (SEIFA), 
Australian born or from an English country, 
living in inner regional Australia (lower intake 
in major cities). Less likely to be higher 
educated or live in a major city.

Gender 5

Machado, 
2019

12,153, aged 
>=2

42% (%kcal) Unadjusted: Younger age  5
Australia

Marchese, 
2021

NNPAS within 
the Australian 
Health Survey 

(AHS)

Complex, 
stratified, 
multistage 
probability 

cluster sampling 
design based on 
the selection of 

strata, 
households and 
people within 

households

2011-2012

8.209, aged 
>=19

Two 24-hour non-
consecutive dietary 

recalls by trained 
interviewers using a 
modified validated 
USDA Automated 

Multiple-Pass Method. 38.8% (%kcal) 
(SE: 0.2)

Unadjusted: Younger age, male, Australian-
born, greater area-level disadvantage (SEIFA), 
lower education level, second/third/fourth 
household income quintile, living in inner 
regional Australia. Fully adjusted: Younger 
age, Australian- or English-speaking-country-
born, greater area-level disadvantage (SEIFA) 
lowest quintile (vs. highest quintile), lower 
education level, second/third/fourth income 
quintiles (vs. first (lowest) quintile).

Adjusted: Gender 
and 
rural/urbanisation

7

Barbados Harris, 2022 BNSS within 
HotN study

Multistage 
probability 
sampling, 
recruitment and 
data collection

2012–13 359, aged 25-
64

Two non-consecutive 
interviewer-led 24-h 
recall using AMPM 
adapted

40.5% (%kcal), 
838.1kcal/day 
[95% CI:791.0, 
885.3]

Unadjusted: Younger age Gender, education 
level

5

Belgium

Vandevijvere, 
2018

Food 
Consumption 
Survey (FCS)

Multistage 
stratified 
sampling 

2004 and 
2014–2015 

2004: 3,083, 
aged >=15; 
2014-15: 
3,146, aged 3-
64

10-64-year-olds: two 
24-hour non-

consecutive dietary 
recalls. 3-9-year-olds: 
two self-administered 
non-consecutive one-
day diet diaries and 

interview with parent 

2014-15: 29.9% 
(%kcal) [95%CI: 
29.0, 30.8], 
excluding 
misreporters 
(n=818): 32.6% 
[95%CI: 31.0, 
33.4]

2004 Unadjusted: Males. 2014-15 
Unadjusted: Younger age. Adjusted: youngest 
(3-5) and oldest (51-64) age, living in Brussels 
or Walloon (vs. Flanders region).

2014-15 
Unadjusted: 
gender, education 
level

6
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Vandevijvere, 
2020

2014-2015 3,146, aged 3-
64

or legal guardian 29.9% (%kcal) 
[95%CI: 29.0, 
30.8]

Unadjusted: Younger age Gender, education 
level

5

Verly-Jr, 
2021

32,749, aged 
>=10

23.8% (%kcal) Unadjusted: Higher income  5

Louzada, 
2017

34,003, aged 
>=10

22.1% (%kcal), 
403.9 kcal/day

Unadjusted: Higher income  5

Louzada, 
2015 30,243, aged 

>=10

29.6% (%kcal) Unadjusted: Younger age, female, white 
ethnicity (vs. African-descendent or other), 
urban living, higher education level, higher 
income

 5

Canella, 2018

2008–2009

32,900, aged 
>=10

20.5% (%kcal) 
[95%CI: 20.2, 
20.8]

Unadjusted: Younger age, female, higher 
income, urban living, South and South East 
regions of Brazil

 5

Brazil

Nilson, 2022

Household 
Budget Survey 

(HBS)

HBS: Multistage 
cluster sampling, 

stratified by 
geographic 

location and 
economic level. 

Two-stage 
sampling 

process. National 
diet survey: 

Random 
selection of 25% 

of households 
from HBS.

2017-18
aged 30-69

Two 24-hour non-
consecutive food 

records

Unadjusted: Age (stratified by gender) 5

Moubarac, 
2016

33,694, aged 
>=2

47.7% (%kcal) 
(SE: 0.14), 
984.3kcal/day 
(SE: 7.4)

Unadjusted: Younger age, male, lower 
education level, rural living

Family income (per 
capita)

5

Nardocci, 
2018 2004

19,363, aged 
>=18

45.1% (%kcal) 
(SE: 0.14), 939.65 
kcal/day

Unadjusted: younger age, male, lower 
education level, non-immigrant, rural living. 
Adjusted: younger age, male, lower 
education level, non-immigrant,

Unadjusted: family 
income (per 
capita). Adjusted: 
family income (per 
capita), 
rural/urbanisation

7

Polsky, 2020 2004 and 
2015

2004: 33,924, 
2015: 20,080 
(54,004, aged 
>=2)

2004: 47.8% 
(%kcal) [95%CI: 
47.3, 48.3], 2015: 
45.7% [95%CI: 
45.0, 46.4]

Unadjusted: 2004: adolescents and children 
2015: adolescents and children. 2004 and 
2015: adult males (vs adult females). From 
2004 to 2015, decrease in age-sex groups: 2-
5, 6-12, adolescent females and males 13-18, 
adult females and males 19-54. Increase in 
older males and females 55+.

 5

Hutchinson, 
2021

15,909, aged 
1-64

Not reported Adjusted: Higher food insecurity across age-
gender groups. Within each food insecurity 
status: no significant difference between 
gender. Food secure: highest UPF in  
adolescents, Very food insecure: UPF high in 
all age-gender groups. 

 7

Canada

Nardocci, 
2020

Canadian 
Community 

Health Survey–
Nutrition (CCHS)

Multistage 
stratified cluster 

sampling

2015

13,608, aged 
>=19

Two 24-hour recalls 
using adapted USDA 
AMPM (first recall 
used in analysis)

47% (%kcal) (SE: 
0.41)

Unadjusted: Younger age, male, income, 
lower education level, rural living, non-
immigrant, Indigenous identity

 5
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Chile Cediel, 2017 National Dietary 
Survey, 
Encuesta 
Nacional de 
Consumo 
Alimentario 
(ENCA)

Probability 
sampling by 
clusters, with 
stratification and 
multiple lottery 
stages

2010 4,920, aged 
>=2

One 24-hour diet 
recall using USDA 
AMPM

28.6% (%kcal) 
[95%CI: 27.7, 
29.6], 
545.5kcal/day 
(SE: 12.8)

Unadjusted and adjusted: younger age, urban 
living, Metropolitan region, higher family 
income.

Unadjusted and 
adjusted: gender, 
head of household 
education level

7

Colombia Khandpur, 
2020

National Survey 
of the 
Nutritional 
Status of 
Colombia (ENSI) 
and National 
Survey of 
Demography 
and Health of 
Colombia 
(ENDS)

Stratified, multi-
stage sampling

2005 38,643, aged 
2-64

24-hour dietary recall 15.9% (%kcal) Unadjusted and adjusted: younger age, 
female, higher socioeconomic status, urban 
living, Bogota region. 

 7

Calixto 
Andrade, 
2021

Étude Nationale 
Nutrition Santé 
(ENNS)

Random 
selection of 
geographic 
zones, stratified 
into regions 
based on level of 
urbanisation, 
with randomly 
selected 
households

 2006-2007 2,642, aged 
18-74

31.1% (%kcal) 
[95%CI: 30.3, 
31.9], 663.3 kcal 
[95%CI: 640.5, 
686.1]

Unadjusted: Younger age, urban living, 
occupation (in a job), education level (retired 
and incomplete high school with lowest UPF 
intake)

Gender 5

France

Salomé, 2021 Third Individual 
and National 
Study on Food 
Consumption 
Survey (INCA3)

Three-stage 
cluster sampling 
(geographical 
units, households 
and individuals)

2014–2015 1,774, aged 
18-79

Three non-consecutive 
interviewer-led 24-
hour recalls across 
weekdays and the 

weekend

30.6% (%kcal) 
(SD:15.8)

Unadjusted: Younger age, education level, in 
a job, city with ≥100 000 habitants (middle 
school education more likely higher UPF 
intake, retired, primary school education 
level and rural living more likely lower UPF 
intake), higher food insecurity, 
single/unmarried couple

Gender, region of 
France

5

Italy Ruggiero, 
2021

Italian Nutrition 
& Health Survey 
(INHES), based 
on Italian 
Cardiovascular 
Epidemiologic 
Observatory 
Health 
Examination 

According to 
geographical 
distribution, age, 
gender and 
socio-economic 
profile.

2010-13 9,078, aged 5-
97; 8,569, 
aged 20-97

One 24-hour diet 
recall

17.8% [95% 
CI:17.5, 18.1] 
(Adults: 17.3% 
[95% CI:17.1, 
17.6])

Adjusted: female, younger age, North Italy (vs 
South), urban living, occupation ((retired with 
lower intake vs. manual and non-manual), 
not married (unmarried, separated/divorced, 
widowed)

Adjusted: 
education level

7
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Survey  (CEO-
HES) 

Shim, 2022 2010-2018: 
2010–2012, 
2013–2015, 
and 2016–
2018

57,423, aged 
>=1, 20,461 in 
2010–2012, 
17,746 in 
2013–2015, 
19,216 in 
2016–2018

24.9% (%kcal) 
(SE:0.1), 
531.4kcal/day 
(SE:3.3)

Unadjusted: younger age, male, urban living, 
mid/high education level, low income. 
Adjusted: younger age, male, urban living, 
mid/high education level. Over time: all 
subgroups increase UPF intake, with largest 
increase in 20-49 year olds.

Adjusted: income 7

Sung, 2022 7,364, aged 
19-64

26.8% (%kcal) 
(SE: 0.3)

Unadjusted: younger age, male, mid/high 
education level (high school or higher), urban 
living, single/separated/divorced, single-
person household. Adjusted: younger age, 
male, mid/high education level (high school 
or higher)

Unadjusted: 
household income. 
Adjusted: 
household income, 
rural/urbanisation, 
marital status, 
household status

7

Shim, 2021 21,075, aged 
1+

26.2% (%kcal) 
(SE:0.2), 
549.7kcal/day 
(SE: 5.7)

Unadjusted: Younger age, male  5

Korea

Shim, 2021

Korea National 
Health and 
Nutrition 

Examination 
Survey 

(KNHANES)

Multistage, 
stratified 
clustered 

probability 
sampling

2016-2018

9,188, aged 
30-79

Single interviewer-led 
24-hour recall using 

the multiple-pass 
method

23.6% (%kcal) 
(SD: 17.2)

Unadjusted: Younger age, male, urban living, 
higher education level

Income 5

Marrón-
Ponce, 2019

10,087, aged 
>=1

30.0% (%kcal) Unadjusted: Younger age, urban living, North 
Mexico (less likely South Mexico), higher 
socioeconomic score, higher head of 
household education level

Gender 5

Marrón-
Ponce, 2017

10,087, aged 
>=1

One-day interviewer-
led 24-hour recall 

using AMPM 29.8% (%kcal) 
(SE: 0.4), 
578.7kcal/day 
(SE: 9.8)

Adjusted: Younger age, urban living, North 
Mexico, higher socioeconomic score, higher 
head of household education level

Adjusted: Gender 7

Mexico
Oviedo-Solís, 
2022

Mexican 
National Health 
Nutrition Survey 

(ENSANUT)

Probabilistic-
based survey 
with complex, 
multi-stage, 

stratified 
sampling

2012
226 adults

Two 24-hour dietary 
recalls and food 
frequency 
questionnaire

Diet recall: 19.2% 
(%kcal) [95%CI: 
17.1, 21.3] Food 
frequency 
questionnaire: 
19.6 [95%CI: 
17.7, 21.5]

Unadjusted: Adults <60 (vs. adults >=60)  5
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Netherlands Vellinga, 
2022

Dutch National 
Food 
Consumption 
Survey (DNFCS)

Stratified 
sampling, 
representative 
for age, gender, 
region, 
urbanisation and 
education

2012–2016 4,313, aged 1-
79

Two non-consecutive 
24-hour dietary recalls

61% (%kcal), 
893g/2000kcal 
[95%CI: 879, 907]

Unadjusted: Younger age, moderate 
education level (vs low or high), higher 
degree of urbanisation

Gender 5

Miranda, 
2020

3,852, aged 
>=18

22% (%kcal) 
(SE:0.38)

Unadjusted: Adults (vs. elderly)  5

Portugal

Magalhães, 
2021

National Food, 
Nutrition and 

Physical Activity 
Survey (IAN-AF)

Multistage 
sampling 

(stratification 
into seven 

geographical 
regions, random 

selection of 
Primary Health 
Care Units and 

random selection 
of individuals)

2015–2016

5005, aged 3-
84

Two non-consecutive 
24-hour dietary recalls 
(two non-consecutive 
24-hour food diaries 

for children under 10)

23.8% (%kcal), 
10.6% (%g)

By gender unadjusted: Younger age  (highest 
in adolescents 10-17), 
single/divorced/widowed, Lisbon 
Metropolitan area, Azores region, higher 
education level, 3-4 or >5 household 
members (vs. 1-2). Adjusted: younger age 
(highest in adolescents 10-17), Lisbon 
Metropolitan area (males), Alentejo and 
Algarve region (females), 
single/divorced/widowed (males), higher 
education level.

(By gender) 
Unadjusted: 
Rural/urbanisation, 
food insecurity. 
Adjusted: 
rural/urbanisation, 
marriage status 
(females), 
household status, 
food insecurity

7

Romero 
Ferreiro, 
2021

DRECE I 
1991

4,679, aged 5-
59

24.4% (%kcal) 
(SD: 13.9), 
370.7g/day (SD: 
328.6)

Unadjusted: Younger age   5

Romero 
Ferreiro, 
2022

Diet and Risk of 
Cardiovascular 

Disease in Spain 
(DRECE)

DRECE 
I,II,III and IV 
1991, 1996, 
2004, 2008

4,679 DRECE 
I, 928 DRECE 
II, 1,065 
DRECE III, 
4,835 DRECE 
IV

Food frequency 
questionnaire 
designed and 

validated for Spanish 
epidemiological 

studies

1991: 24.4% 
%(kcal) (SD: 
14.0), 1996: 
25.6% (SD: 16.3), 
2004: 27.5% (SD: 
19.2), 2008: 
31.1% (SD: 19.0)

Unadjusted: Canary islands (1991, 1996), 
Northern region (2004, 2008), lowest intake 
in the East (1991, 1996, 2004). Adjusted: 
younger age, female

 6

Spain

Blanco-Rojo, 
2019

Study on 
Nutrition and 
Cardiovascular 
Risk in Spain 
(ENRICA) 2008-
2010

Stratified cluster 
sampling

2008-2010 11,898, aged 
>=18

Validated computer-
based dietary history 
(DH-ENRICA) 

24.47% (%kcal) 
(SE: 0.17), 
385g/day

Unadjusted: Younger age, primary education 
(no formal education less likely to have 
higher UPF intake), living with other people

Unadjusted: 
Gender  

5

Switzerland

Bertoni 
Maluf, 2022

Swiss National 
Nutrition Survey 
(menuCH) Multi-stage 

stratified cluster 
sampling

2014-15 2085, aged 
18-75

Two non-consecutive 
24-hour recalls

28.7% [IQR: 19.9, 
38.9]

Unadjusted: younger age, German-speaking 
region (vs. Swiss or French speaking region), 
Swiss nationality (vs. non-Swiss). Adjusted: 
younger age, male, German-speaking region 
(vs. Swiss or French speaking region), Swiss 
nationality (vs. non-Swiss).

Unadjusted: 
gender. Unadjusted 
and adjusted: 
Household size, 
education level. 

7

UK Lam, 2017 National Diet 
and Nutrition 

Multi-stage 
probability 

2008–09 509, aged 
>=19

Consecutive four-day 
food diary (three or 

51.3% (%kcal) 
(SD: 13.1)

Adjusted: Younger age Adjusted: Gender, 
adults or children 

7
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in household, 
occupational social 
class (intermediate 
vs managerial & 
professional / 
routine & manual 
vs managerial & 
professional)

Madruga, 
2022

2008-2019 15,643, aged 
>=1.5

2008-09: 55.3% 
(%kcal) (SE: 0.6) 
2013-14: 58.3% 
(%kcal) (SE: 0.7) 
2018-19: 56.6% 
(SE: 0.7)

 Adjusted linear 
trends and 
interaction 
between linear UPF 
intake trend and 
sociodemographic 
characteristic. No 
linear trend over 
time in across 
sociodemographics

7

Adams, 2015 2008-12 
(years 1-4)

2,174, aged 
>=18

53.1% [95%CI: 
52.4, 53.7]

Adjusted: male gender, younger age Adjusted: 
occupational social 
class

7

Rauber, 2019 2008-
2014 (years 
1–6)

9,364, aged 
>=1.5

56.8% (%kcal) 
(SE: 0.24)

Unadjusted: Younger age  5

Rauber, 2020 2008-16 
(years 1–8)

6,143, aged 
19-96

54.3% (%kcal) 
(SE:0.4)

Unadjusted: Younger age, male, white 
ethnicity (vs. non-white), Northern Ireland 
(lowest intake in South England, including 
London), lower social class occupation

 5

Nascimento, 
2021

Survey (NDNS) sampling. 
Households 
randomly 

selected from the 
UK Postcode 
Address File

2014-16 2,449, aged 
>=4

four used in analysis)

Adults: 54.0% 
(%kcal)

Unadjusted: Younger age  5

Kim, 2019 1988-1994 11,898, aged 
>=20

4 times/day 
(Range: 0-29.8)

Unadjusted: Younger age, males, non-
Hispanic white, income/poverty ratio (less 
likely high UPF intake with a higher 
income/poverty ratio), education level (less 
likely high UPF intake with less than high 
school education)

 5

US
Juul, 2021

National Health 
and Nutrition 
Examination 

Survey 
(NHANES)

Multi-stage, 
stratified, 
clustered, 
probability 

sampling design 
(four stages: 

counties, blocks, 
households and 
the number of 
people within 
households)

2001/2-
2017/18 (9 
cycles)

40,937, aged 
>19

Before 2003, one 
single, in-person 

recall. After 2003, two 
24-hour dietary 

recalls: one in-person 
24-hour recall 
followed by a 

telephone-based recall 
3–10 days later using 
USDA  AMPM. Diet 

assessment based on 
the in-person recall.

2001-2: 53.5% 
(%kcal) [95%CI: 
52.5, 54.6], 2017-
18: 57.0 [95%CI: 
55.0, 58.9]

Adjusted trends: Younger age in 2001/2, 
older age in 2017/18. Across 2001/2 to 
2017/18: Higher intake in non-Hispanic white 
or black, lower education level (college 
graduate vs lower levels (<high school, high 
school, some college)). 2017/18: Non-
Hispanic white or black, lower education 
level. UPF intake increased significantly 
among all age groups with no difference in 

Income/poverty 
ratio

7
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trend. Increase over time in all 
sociodemographic sub-groups except 
Hispanics.

Juul, 2018 2005/6-
2013/14 (5 
cycles)

15,977, aged 
20-64

56.1% (%kcal) Unadjusted: Younger age, female, Non-
Hispanic white or black (Hispanic or other 
ethnicity less likely to have higher UPF 
intake), lower family income/poverty ratio, 
high school graduate (less likely high UPF 
with college graduate education or higher), 
marital status (less likely high UPF if married)

 5

Baraldi, 2018 2007/8–
2011/12 (3 
cycles)

23,847, aged 
>=2 (MV 
analysis = 
19,540)

58.5% (%kcal) 
(SE: 0.3); 1205.4 
kcal/day (SE: 7.8)

Unadjusted and adjusted: younger age, 
mid/low education level, lower family 
income/poverty ratio, non-Hispanic black 
(and non-Hispanic white in adjusted). 
Unadjusted and adjusted linear increase over 
time in males, adolescents (10-19) and with 
high school education. Increase in UPF intake 
in all sub-groups when comparing 2007/8 to 
2011/12.

Unadjusted: 
gender. Adjusted: 
gender

8

Steele, 2022 2009/10–
2013/14 
(3 cycles)

6,385, aged 
>=20

55.5% (%kcal) 
[95%CI:54.6, 
56.4]

Unadjusted: Younger age, non-Hispanic white 
or black, lower income/poverty ratio (less 
than >3.5x), 12 years education (vs. <12 or 
>12 years education)

Gender 5

Yang, 2020 12,640, aged 
30-74 without 
cardiovascular 
disease or 
stroke 

54.5% (%kcal) 
(Median) 
[IQR:45.8, 63.1]

 Gender 5

Steele, 2020

2009/10–
2015/16 (4 

cycles)
9,416, aged 
>=6

58.3% (%kcal) 
(SE:0.4)

Unadjusted: Younger age, non-Hispanic white 
or black, lower income/poverty ratio (less 
than >3.5x)

Gender 5

Zheng, 2020 2011/12-
2015/16 
(2011–
2012, 

2013–2014, 
and 2015–

2016) 

13,637, aged 
>=20

54.9% (%kcal) 
[95% CI: 54.0, 
55.7], 1,201 
kcal/day

Unadjusted: Younger age, gender (unclear 
association), non-Hispanic black or white 
(Hispanic, non-Hispanic Asian less likely to 
have high UPF intake), 
widowed/divorced/separated/never married, 
education level (higher UPF intake with high 
school (mid) education level), lower annual 
family income

 5
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Steele, 2020 14,663, aged 
>=20

Not reported Unadjusted: Younger age, lower 
income/poverty ratio (less than >3.5x), mid 
education level, non-Hispanic black, non-
Hispanic white or other race (including multi-
racial), Unadjusted and adjusted: US-born (vs 
foreign born, true across gender, age, 
income, education level and race/ethnicity).

Gender 7

Pachipala, 
2022

2011/12-
2017/18

20,680, aged 
>=18

Not reported Unadjusted: Non-Hispanic black or other 
race, then Non-Hispanic white. Within each 
ethncity: younger age, not married (Non-
Hispanic Asian American, Non-Hispanic Black, 
Hispanic), lower educaton level (Non-
Hispanic White,Non-Hispanic Other), low/mid 
education level (Non-Hispanic Black), higher 
educaton level (Non-Hispanic Asian 
American), higher income/poverty ratio 
(Non-Hispanic Asian American), lower 
income/poverty ratio (less than >=3.5x: Non-
Hispanic White) Lowest UPF intake in non-
Hispanic Asians.

Within ethnicity: 
gender, marriage 
status (Non-
Hispanic White, 
Non-Hispanic 
Other), education 
level (Hispanic), 
income/poverty 
ratio (Hispanic, 
Non-Hispanic 
Other, Non-
Hispanic Black)

5

Buckley, 
2019

2,212, aged 
>=6

Quartile 1: 
35.3%, Quartile 
4: 87.2%

Unadjusted: Younger age, non-Hispanic black 
or other race/ethnicity, lower 
income/poverty ratio (less than >=3.5x). 
Lowest UPF intake in Asian Americans

Gender 6

Kim, 2019

2013/14

2,242, aged 
>=6

Quartile 1: 
33.7%, Quartile 
4: 89.6%

Unadjusted: Younger age, non-Hispanic black 
or other race/ethnicity.

Gender, 
income/poverty 
ratio

5

Multinational 
across Europe 
(22 countries)

Mertens, 
2021

 European Food 
Safety Authority 
(EFSA) 
Comprehensive 
European Food 
Consumption 
Database

24-hour recall, 
food record or 
food frequency 
questionnaire

2003-2017 
depending 
on country

Not reported  14-44% Unadjusted: Gender not significant except for 
Portugal (p<0.01)

Gender not 
significant except 
for Portugal 
(p<0.01)

5
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Table 2. Statistical associations between sociodemographic variables and UPF intake reported in each study. Adjusted estimates are reported 
where provided, or else unadjusted measures are reported.

Country Author, year Statistical measures Results by sociodemographic variable
Grech, 2022 Unadjusted means, 

SE and p value
Age: 19–30 years: 43.9% (SE:0.8); 
31–50 years 38.0 (0.4); 51–70 
years: 34.5 (0.5); 71+ years: 36.5 
(0.7) (p-trend < 0.0001)

Gender: Female: 
37.5% (SE:0.4); 
Male: 38.8 (0.5) (p-
trend = 0.047)

SEIFA: Lowest 
(quintile 1): 40.1% 
(SE:0.8); Middle 
(quintile 2–3): 38.4 
(0.4); Highest 
(quintile 5): 35.9 (0.7) 
(p-trend = 0.0013)

Education: No 
tertiary education: 
40.1% (SE:0.8); 
Vocational education: 
38.4 (0.4); University 
education: 35.9 (0.7) 
(p-trend = 0.0013)

Country of birth: Australian-
born: 40.3% (SE:0.4); Other 
English-speaking 
countries:37.6 (0.8); Other: 
31.0 (0.7)  (p-trend < 0.0001)

Rural/urbanisation: 
Major cities: 37.3% 
(SE:0.3); Inner regional: 
40.7 (0.7); Other: 39.3 
(1.1) (p-trend < 0.0001)

  

Machado, 
2020

Unadjusted p-value 
across quintiles of 
UPF intake

Age (20–39 years, 40–59 years, 
≥60 years) p < 0.001

Gender (Male, 
Female) p = 0.493

Years of education 
(≤9 years, 10–12 
years, 10–12 years 
with graduate 
degree) p < 0.001

SEIFA (Quintile 
1,2,3,4 and 5) p < 
0.001

Rural/urbanisation (Major 
cities, Inner regional, Other) 
p = 0.002

Country of birth 
(Australia or English 
country, Other) p < 
0.001

  

Machado, 
2019

Unadjusted mean, 
95%CI and p value

Young children (2–5 years): 
47.3% [95%CI: 45.4, 49.2] ; Older 
children (6–11 years): 53.1% 
[95%CI: 51.6, 54.7]; Adolescents 
(12–19 years): 54.3 [95%CI: 52.6, 
55.9]; Adults (20–64 years): 
39.4% [95%CI:  38.7, 40.1]; 
Elderly (≥ 65 years): 36.3% 
[95%CI: 35.3, 37.4] p < 0.001 

       

Australia

Marchese, 
2021

Adjusted beta, 95%CI 
and p value

Gender: (Male = reference) 
Female: −0·8% [95%CI: −2·2, 0·5], 
p = 0.308

Age (19-30 = 
reference):  31–50: 
−4·6% [−6·4, −2·9];   
51–70: −8·3% 
[−10·3, −6·4]; 71+: 
−5·5% [−8·0, −2·9]  
p <0·001.

Country of birth 
(Australia = 
reference): Main 
English-speaking 
country: −1·2% [−2·9, 
0·4]; Other: −8·1% 
[−9·8, −6·3] p <0·001

Area-level 
disadvantage (First 
quintile (greater 
disadvantage) = 
reference): Second 
quintile: −1·0% [−2·8, 
0·8]; Third quintile: 
−0·1% [−1·9, 1·7]; 
Fourth quintile: 
−0·7% [−2·9, 1·4]; 
Fifth quintile:−2·4% 
[−4·6, −0·1]  p = 0.048

Education (Low = reference): 
Medium: −0·8% [−2·5, 0·8], 
High: −2·3% [−4·5, −0·2] p = 
0.005

Household income (First 
quintile (20 % lowest 
income) = reference): 
Second quintile: 3·4% 
[1·7, 5·1]; Third quintile: 
1·9% [0·2, 3·5]; Fourth 
quintile: 2·2% [0·3, 4·2]; 
Fifth quintile (20 % 
highest income): −1·2 
[−3·1, 0·7] p = 0.011

Rural/urbani
sation 
(Major city 
of Australia 
= reference) 
Inner 
regional 
Australia: 
0·6% [−0·8, 
2·1]; Other: 
0·3% [−1·8, 
2·3] p= 
0.904

 

Barbados Harris, 2022 Unadjusted mean  
kcal/d (95 % CI) 
standardised energy 
intake to 2000 kcal/d, 
95%CI and p value

Age: 25–44: 889.1 kcal/d [95%CI: 
835.8, 942.3]; 45–64: 737.1 
[692.8, 781.3] p < 0.05

Gender: Males: 
802.4 kcal/d 
[750.8, 854.1]; 
Females: 811.3 
[763.4, 859.2] p > 
0.05

Education: <Tertiary: 
818.5 kcal/d (778.4, 
858.5); Tertiary: 
768.3 kcal/d [696.0, 
840.7] p > 0.05

     

Belgium

Vandevijver
e, 2018

Unadjusted mean 
and 95%CI and 
adjusted beta, SE and 
p value

Unadjusted Gender (2004, 15-64 
year-olds) Females: 28.9% 
[95%CI: 27.1, 30.2]; Males: 32.3% 
[30.9, 34.3]; (2014-15) Females: 

Adjusted age 
(2014-15) (3–5 = 
reference): 6-9: 
−6.98% (SE:1.83), p 

Unadjusted 
Education level  
(2014-15): Secondary 
education or lower: 

Adjusted Region 
(2014-15) (Flanders = 
reference) Brussels 
capital region: 6.13% 
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29.7% [95%CI: 28.7, 31.2]; Males: 
29.9% [28.6, 31.2]

= 0.0001; 10-13: 
−6.58% (SE:1.79), p 
= 0.0002; 14-17: -
6.23 (SE:1.80), p = 
0.0006; 18-34: -
7.27 (SE:2.10), p = 
0.0006; 35-50: -
8.56 (SE:2.11), p < 
0.0001; 51-64: 0.47 
(SE:2.10), p = 
0.8241

30.5% [95%CI: 28.6, 
31.5]; Higher 
education, short 
type: 29.9% [95%CI: 
28.0, 31.4] Higher 
education, long type: 
30.5% [95%CI:28.9, 
31.9]

(SE: 1.17) p < 0.0001; 
Walloon region: 
8.09% (SE: 0.78) p < 
0.0001

Vandevijver
e, 2020

Unadjusted mean 
and 95%CI

Unadjusted Gender Females: 
29.7% [95%CI: 28.7, 31.2]; Males: 
29.9% [95%CI: 28.6, 31.2]

Unadjusted Age: 3–
9 years: 33.3% 
[95%CI: 32.1, 35.0]; 
10–17 years: 29.2% 
[95%CI: 27.7, 30.3]; 
18–64 years: 29.6% 
[28.5, 30.7]

Unadjusted 
Education level: Low: 
30.5% [95%CI: 28.6, 
31.5]; Medium: 
29.9% [95%CI: 28.0, 
31.4]; High: 30.5% 
[95%CI: 28.9, 31.9] 

     

Verly-Jr, 
2021

Unadjusted mean 
and 95%CI

Unadjusted Income: <0.5MW: 
16.7% [95%CI: 16.1, 17.3]; 0.5-1 
MW: 22.4% [95%CI: 21.9, 22.9]; 
1.5-3MW:  27.3% [95%CI: 26.6%, 
28.1%]; >3MW: 31.8 [95%CI: 
30.9, 32.8]

       

Louzada, 
2017

Unadjusted mean 
and 95%CI

Household income per capita: 
Tertile 1 (R$ 149.4–567.2 per 
capita): 15.7%; Tertile 2 (R$ 
567.3–843.5 per capita): 22.4%; 
Tertile 3 (R$ 843.5–6445.4 per 
capita): 28.5% p <0.001

       

Louzada, 
2015

Unadjusted p-value 
across quintiles of 
UPF intake

Age (10-19, 20-39, 40-59, 60+) p 
< 0.001

Gender (Male, 
Female) p < 0.001

Race/ethnicity 
(White, African-
descendent, Other) p 
< 0.001

Rural/urbanisation 
(Rural, Urban) p < 
0.001

Years of education (≤ 4, 5-8, 
9-12, >12) p < 0.001

Annual household 
income per person 
(USD) (≤2200, 2201-
4400, >4400) < 0.001

  

Canella, 
2018

Unadjusted mean 
intakes %kcal/day, 
95%Cis

Age: 10–19: 26.8% [95%CI: 26.1–
27.6]; 20–39: 21.3% [20.8, 21.9]; 
40–59: 17.2% [16.6, 17.8]; 60+: 
15.0% [14.2, 15.8]

Gender: Male: 
19.2% [95%CI: 
18.7, 19.7]; 
Female: 21.8% 
[21.3, 22.2]

Region: North: 14.8% 
[95%CI: 14.3, 15.4]; 
Northeast: 14.9% 
[14.5, 15.3]; 
Southeast: 23.6% 
[23.0, 24.2]; South: 
25.7% [25.0,26.4]; 
Midwest: 19.4% 
[18.4, 20.3]

Rural/urbanisation: 
Rural: 12.7% [12.3, 
13.2]; Male: 22.1% 
[21.7, 22.5]

Household income per 
capita: 1st tercile: 15.1% 
[95%CI: 14.6, 15.5]; 2nd 
tercile: 20.2% [19.7, 20.8]; 
3rd tercile: 26.3% [25.7, 
26.9]

   

Brazil

Nilson, 2022 Unadjusted mean 
intakes %kcal/day, 
95%Cis

Age (stratified by gender Male 
(M); Female (F)): 15-19: M: 25.1% 
[95%CI: 23.3, 26.9]; F: 26.2% 
[24.5, 28.0]; 20-24: M: 22.8% 
[20.8, 24.9]; F: 25.0% [23.5, 
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26.5]; 25-29: M: 22.3% [20.8, 
23.9]; F: 22.0% [20.7, 23.3]; 30-
34: M: 18.4% [17.2, 19.6]; F: 
21.0% [19.3, 22.7]; 35–39: 18.6% 
[16.7, 20.4]; F: 19.0% [17.9, 
20.1]; 40–44: M: 15.5% [14.4, 
16.6]; F: 18.5% [17.3, 19.7]; 45-
49: M: 18.1% [16.4, 19.6]; F: 
18.4% [17.0, 19.8]; 50-54: M: 
15.4% [14.3, 16.6]; F: 17.4% 
[15.9, 18.8]; 55-59: M: 14.6% 
[13.6, 15.7]; F: 16.2% [15.2, 
17.3]; 60-64: M: 13.0% [11.9, 
14.1]; F: 16.3% [15.2, 17.4]; 65-
69: M: 14.2% [13.0, 15.5]; F: 
16.0% [14.5, 17.5]; 70-74: M: 
14.4% [12.6, 16.2]; F: 16.2% 
[14,7, 17.7]; 75-79: M: 13.1% 
[11.4, 14.8]; F: 15.1% [13.4, 
16.7]; 80+: M: 12.7% [10.5, 15.0]; 
F: 17.9% [13.7, 22.1]

Moubarac, 
2016

Unadjusted mean 
and p value

Gender: Female: 46.5%; Male: 
48.6% p < 0.001

Age: 2-18: 55.1%; 
19-30: 51%; 31-50: 
44.9%; 51-64: 
42.2%; 65+: 42.6 p 
< 0.001

Education level: Less 
than high school 
diploma: 51.7%; High 
school diploma: 
47.6%; Post-
secondary studies: 
49%; Post-secondary 
studies diploma: 
44.1% p < 0.001

Family income: Low: 
47.1%; Low-medium: 
47.6%; Medium-high: 
47.9%; High: 47.7%, p 
< 0.05 

Rural/urbanisation: Rural: 
50%; Urban: 47.2% p < 0.001

   

Nardocci, 
2018

Adjusted 
standardised beta 
and p value

Gender: (Male = reference) 
Female: -0.04, p = 0.005

Age (continuous): -
0.14, p < 0.001

Education (< Post-
secondary graduation 
= reference): Post-
secondary 
graduation: -0.06, p < 
0.001

Income (Lowest = 
reference) Lower-
middle: 0.02, p = 
0.277; Upper-middle: 
0.02, p = 0.346; 
Highest: -0.01, p = 
0.850; Not stated: 
0.02, p = 0.318

Immigration status (Non-
immigrant = reference): 
Immigrant: -0.22, p < 0.001

Rural/urbanisation 
(Rural = reference): 
Urban: -0.01, p = 0.213

  

Canada

Polsky, 2020 Unadjusted mean, 
95%CI and p value

Age and gender 2004: 2-5: 51.0% 
{95%CI: 49.8, 52.3]; 6-12: 55.8% 
[55.0, 56.6]; Adolescent females 
13-18: 57.2% [56.1, 58.3]; 
Adolescent males 13-18: 57.4% 
[56.2, 58.5]; Adult females 19-54: 
44.8% [43.8, 45.8]; Adult males 
19-54: 48.2% [47.0, 49.4]; Older 
females 55+: 41.7% [40.6, 42.8]; 
Older males 55+: 42.5% [41.5, 
43.6] 2015: 2-5: 48.0% [46.1, 
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49.9]; 6-12: 53.0% [51.9, 54.2]; 
Adolescent females 13-18: 50.4% 
[48.5, 52.4]; Adolescent males 
13-18: 53.2% [51.5, 54.9]; Adult 
females 19-54: 41.6% [40.2, 
43.0]; Adult males 19-54: 45.4% 
[43.8, 47.0]; Older females 55+: 
45.2% [44.0, 46.4]; Older males 
55+: 45.3% [43.9, 46.7]

Hutchinson, 
2021

Adjusted mean SE 
and p value

Food security across age-sex 
groups (Food secure, Marginally 
food insecure, Moderately food 
insecure, Severely food insecure: 
1-8-years: p-trend = 0.002; 9-18-
years: p-trend = 0.049; Women 
19-64-years: p-trend = 0.003; 
Men 19-64-years: p-trend = 
0.009 

       

Nardocci, 
2020

Unadjusted p-value 
across tertiles of UPF 
intake

Age( 19-30, 31-50, 51-64, 65+): p 
= 0.0004

Gender (Male, 
Female) p = 0.0006

Income (quintiles) p = 
0.0143

Education level 
( < High school, High 
school, 
Trade/college/CEGEP, 
University diploma) p 
< 0.0001

Rural/urbanisation (Rural, 
Urban) p < 0.0001

Immigrant (Immigrant, 
Canadian-born) p < 
0.0001

Indigenous 
identity 
(Indigenous, 
non-
Indigenous) 
p = 0.0009

 

Chile Cediel, 2017 Adjusted mean, 
95%CI and p value

Gender: Female: 29.4% [95%CI: 
28.1, 30.6]; Male: 27.8% [26.5, 
29.2], p > 0.05

Age: 2-19: 38.6% 
[95%CI: 36.7, 40.6], 
20-49: 26.7% [25.2, 
28.2]; 50-64: 21.8% 
[19.7, 24.0], >=65: 
18.3% [16.8, 19.8] 
p-trend <= 0.001

Rural/urbanisation: 
Rural: 23.7% [95%CI: 
21.9, 25.5]; Urban: 
29.3% [28.3, 30.4] p < 
0.05

Region of country 
North: 27.5% [95%CI: 
24.4, 30.6] (c); 
Centre: 28.5% [26.8, 
30.3] (c); South: 
26.7% [24.8, 28.6] 
(c,d); South (Austral): 
27.3% [24.2, 30.4] (c); 
Metropolitan: 30.2% 
[28.6, 31.8] (e) unlike 
letters (c-e) p < 0.05

Family income: 1x MW: 
25.8% [95%CI: 24.0, 27.6]; 2x 
MW: 28.7% [27.2, 30.3]; 3-
5x MW: 30.0% [27.8, 32.2]; 
>= 6x MW: 30.1% [28.3, 
31.9] p-trend <= 0.001

Head of family years of 
school: <=8 years: 
28.7% [95%CI: 27.3, 
30.1]; 9-11 years: 27.4% 
[25.7, 29.1]; >=12 years: 
29.8% [28.0, 31.6]

  

Colombia Khandpur, 
2020

Adjusted mean 
intake, SE, beta and p 
value

Gender Female: 16.2% (SE:0.2); 
Male: 15.5 (0.2); (Female = 
reference) Male beta: -0.6, p = 
0.007

Age: 2-9: 19.3% 
(SE:0.3); 10-19: 
19.3% (0.2); 20-34: 
15.4% (0.3); 35-49: 
12.2% (0.3); >=50: 
11.4% (0.4); (2-9 = 
reference): 10-19 
beta: -0.1, p = 
0.718; 20-34 beta: -
3.9, p < 0.001; 35-
49 beta: -7.1, p < 
0.001; >=50: -7.9, p 
< 0.001

Socioeconomic 
status: Level 1 (low): 
12.7% (SE: 0.3); Level 
2: 15.8% (0.3); Level 
3: 17.9% (0.3); Level 4 
(high): 22.8% (1.0); 
(Level 1 (low) = 
reference): Level 2 
beta: 3.1, p < 0.001; 
Level 3 beta: 5.2, p < 
0.001; Level 4 (high) 
beta: 10.1, p < 0.001

Rural/urbanisation: 
Urban: 17.3% (SE: 
0.2); Central: 12.6% 
(0.5); Rural: 11.2% 
(0.6); (Urban = 
reference): Central 
beta: -4.6, p < 0.001 
Rural beta: -6.1, p < 
0.001

Region: Atlantic: 12.7% 
(SE:0.3); Eastern: 18.1% 
(0.4); Central: 14.4% (0.4); 
Pacific: 14.9% (0.4); Bogotá: 
21.6% (0.5); Orinoquía and 
Amazon: 15.7% (0.6); 
(Atlantic = reference): 
Eastern beta: 5.4, p < 0.001; 
Central beta: 1.7, p = 0.001; 
Pacific beta: 2.2, p < 0.001; 
Bogotá beta: 8.9, p < 0.001; 
Orinoquía and Amazon beta: 
3.0, p < 0.001
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Calixto 
Andrade, 
2021

Adjusted mean intake 
and 95%CI

Gender: Male: 31.4% [95%CI: 
30.1, 32.7]; Female: 30.9% [30.0, 
31.9]

Age: 18-39: 39.1% 
[95%CI: 37.8, 40.5] 
40-59: 28.1% [27.2, 
29.0] 60+: 21.6% 
[20.4, 22.8]

Rural/urbanisation: 
Rural: 28.9% [95%CI: 
27.4, 30.4]; Urban: 
31.9% [95%CI: 30.9, 
32.8]

Occupation: 
Management/interm
ediate profession: 
32.2% [95%CI: 30.9, 
33.4]; Self-
employed/farmers: 
28.1% [25.1, 31.2]; 
Manual 
workers/employees: 
32.7% [31.3, 34.2]; 
Retired: 22.3% [21.1, 
23.5]; Homemakers, 
disabled persons, and 
others: 35.9% [34.1, 
37.7]

Education: Incomplete high 
school: 26.5% [95%CI: 24.9, 
28.1]; Complete high school: 
32.9% [31.8, 34.1]; Technical 
course: 32.2% [30.3, 34.0] 
University degree: 31.9% 
[30.4, 33.4]

   

France

Salomé, 
2021

Unadjusted p-value 
across tertiles of UPF 
intake

Age (18-24, 25-34, 35-49, 50-65, 
65-79) p < 0.001

Gender (Male, 
Female) p = 0.603

Education (Primary 
school, Middle 
school, Secondary 
school, College or 
university) p < 0.001

Occupation 
(Employee, Manual 
worker, Farmer, 
Craftsman, 
shopkeeper, business 
owner, Intermediate 
profession, 
Professional, 
executive, Retired, 
Inactive) p < 0.001

Region ( Ile-de-France (Paris 
area), North-West, North-
East, South-East, South-
West) p = 0.238

City size (Rural, 2 000-
19 999 individuals, 20 
000-99 999 individuals, 
≥100 000 individuals, 
Paris agglomeration) p < 
0.001

Food 
insecurity 
(Food 
security, 
Moderate 
food 
insecurity, 
Severe food 
insecurity) p 
< 0.001

Marital status 
(Single, Married, 
Unmarried couple, 
Widowed, 
Separated/divorce
d, Refusal to 
answer) p < 0.001

Italy Ruggiero, 
2021

Adjusted beta, 95%CI 
and p value

Gender (Women = reference) 
Men beta: -1.28 [95%CI: -1.89, -
0.68] p < 0.0001

Age (20-40 = 
reference) 41-65 
beta: -1.15 [95%CI: 
-2.14, -0.15] p < 
0.0001, >65 beta: -
3.10 [-4.40, -1.80] p 
= 0.024

Geographical area 
(Northern Italy = 
reference) Central 
Italy beta: -0.23 
[95%CI: -0.99, 0.53] p 
= 0.56; Southern Italy 
= 0.014

Rural/urbanisation 
(Rural = reference) 
Urban beta: 1.64 
[95%CI: 0.87, 2.42] p 
< 0.0001

Education (Upper 
Elementary = reference) 
Lower secondary beta: 0.70 
[95%CI: -0.15, 1.55] p = 0.11;  
Upper secondary beta: 0.55 
[-1.36, 0.74] p = 0.20; Post-
secondary beta: 0.65 [-2.14, 
0.44] p = 0.22

Occupation (Manual = 
reference) Non-manual 
beta: -0.02 [95%CI: -
0.85, 0.81] p = 0.96; 
Housewife beta: -0.79 [-
1.86, 0.29] p = 0.15; 
Retired beta: -1.87 [-
2.83, -0.91] p = 0.0001; 
Student beta: 0.69 [-
1.60, 2.98] = 0.55; 
Unemployed beta: -0.64 
[-2.30, 1.01] p = 0.44

Marital 
status 
(Married/in 
couple = 
reference) 
Unmarried 
beta: 1.26 
[95%CI: 
0.37, 2.15] p 
= 0.0053; 
Separated/d
ivorced 
beta: 1.88 
[0.38, 3.38] 
p = 0.014; 
Widowed 
beta: 1.16 
[0.07, 2.24] 
p = 0.037

 

Korea

Shim, 2022 Adjusted mean 
intake, 95%CI and p 
value

Gender: Female: 25.0% [95%CI: 
24.4, 25.6]; Male: 25.8% [95%CI: 
25.5, 26.1] p < 0.0001. Time 
trend across 2010-18 p-trend 
Males <0.0001; Females <0.0001

Age: 1–12: 30.7% 
[95%CI: 30.0, 31.3]; 
13–19: 33.8% 
[32.9, 34.6]; 20–49: 
26.6% [26.1, 27.0]; 

Residence: Urban: 
25.8% [95%CI: 25.5, 
26.1]; Rural: 25.0% 
[24.4, 25.6] p = 0.004. 
Time trend across 

Education: Middle 
school or less: 23.4% 
[95%CI: 23.0, 23.8]; 
High school: 26.4% 
[25.9, 26.9]; College 

Household income: Low 
(Quartile 1): 25.5% [95%CI: 
24.9, 26.1]; Middle (Quartile 
2–3): 25.4% [25.0, 25.8]; 
High (Quartile 4): 25.3% 
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50–64: 19.7% 
[19.3, 20.1]; ≥65: 
16.3% [15.8, 16.7]; 
p linear trend < 
0.001. Time trend 
across 2010-18 p-
trend, 1-12 = 
0.0002; 13-19 = 
0.0001; 20-49 
<0.0001; 50-64 
<0.0001; ≥65 
<0.0001

2010-18 p-trend, 
urban <0.0001; Rural 
<0.0001

or higher: 26.3% 
[25.8, 26.9]; p< 
0.0001. Time trend 
across 2010-18 p-
trend, Middle school 
or less <0.0001; High 
school <0.0001; 
College or higher: 
<0.0001

[24.8, 25.7] p = 0.174. Time 
trend across 2010-18 p-
trend, Low (Quartile 1) = 
0.0361; Middle (Quartile 2–
3) <0.0001; High (Quartile 4) 
<0.0001

Sung, 2022 Adjusted mean 
intake, SE and p value

Gender: Female: 26.19% 
(SE:0.38); Male: 27.55 (0.39) p = 
0.0165

Age 19–29: 34.57% 
(SE:0.82); 30–49: 
27.53% (0.42); 50–
64: 20.64% (0.41), 
p < 0.0001, p linear 
trend < 0.0001. 
(19-29 = reference) 
30-49 p < 001; 50-
64 p < 0.001.

Household income: 
Lowest: 26.22% 
(SE:0.94); Lower 
middle: 27.58 (0.53); 
Upper middle: 26.64 
(0.40); Highest: 
26.80% (0.46), p = 
0.4254, p linear trend 
= 0.8007

Education level: 
Middle school or 
lower: 24.98% 
(SE:0.66); High 
school: 27.59 % 
(0.43); College or 
higher: 26.81% (0.37), 
p = 0.0022, p linear 
trend = 0.2662. 
(Middle school or 
lower = reference) 
High school p < 0.01; 
College or higher p < 
0.05.

Rural/urbanisation: Urban: 
27.01% (SE:0.29); Rural: 
25.88% (0.66); p = 0.1138

Marital status: 
Single/Separated/Divor
ced: 27.73% (0.62); 
Married: 26.43% (0.37); 
p = 0.1169

Household 
status: One-
person 
household: 
27.57% 
(SE:0.29); 
Multi-
person 
household: 
26.81% 
(0.91) p = 
0.4439

 

Shim, 2021 Unadjusted mean, SE 
and p value

Gender: Male: 27.1% (SE:0.3); 
Female 25.3% (0.3), p < 0.001

Age: 1-18: 31.5% 
(SE:0.4); 19-49: 
29.9% (0.3); 50-64: 
21.0% (0.3); 65+: 
15.8% (0.3), p < 
0.001

      

Shim, 2021 Unadjusted p-value 
across tertiles of UPF 
intake

Age (continuous) p < 0.001 Gender (Male, 
Female) p < 0.001

Income (High (above 
median income), 
Median and below 
income)n p = 0.082

Rural/Urbanisation 
(Urban, Rural) = 
0.001

Education (>12 years, <=12 
years) p <0.001

   

Marrón-
Ponce, 2019

Unadjusted p-value 
across quintiles of 
UPF intake

Gender (Male, Female) p = 0.16 Age (1-4, 5-11, 12-
19, 20-59, 60+) p < 
0.001

Rural/Urbanisation 
(Rural, Urban) p < 
0.001

Region (South, 
Central, North) p < 
0.001

Socioeconomic status (Low, 
Medium, High) p < 0.001

Head of household 
educational level (No 
formal education, 
Elementary school, 
Middle school, High 
school, College) p < 
0.001

  

Mexico

Marrón-
Ponce, 2017

Adjusted beta and 
95%CI

Gender (Male = reference) 
Female beta: 0.5% [95%CI: -0.9, 
1.9]

Age (Pre-school-
aged children = 
reference) School-
aged children beta: 
-3.8% [95%CI: -5.4, 

Rural/Urbanisation 
(Rural = reference) 
Urban beta: 5.6% 
[95%CI: 4.2, 7.0]

Region of Mexico 
(South = reference) 
Central beta: 2.7% 
[95%CI: 1.2, 4.1]; 

Socioeconomic status (Low = 
reference) Medium = 4.5% 
[95%CI: 2.8, 6.2]; High = 
4.5% [2.5, 6.5]

Head of household 
education level 
(Without education = 
reference) Elementary 
education: 1.9% [95%CI: 
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-2.2]; Adolescents 
beta: -3.0% [-4.9, -
1.1]; Adults beta: -
12.5% [-14.1, -10.9]

North beta: 8.4% 
[6.6, 10.1]

-0.5, 4.3]; Middle school 
education: 3.4% [0.8, 
6.1]; High school 
education: 4.3% [1.1, 
7.4]; College graduate 
education: 7.8% [4.3, 
11.4]

Oviedo-
Solís, 2022

Unadjusted mean 
and 95%CI

Age: (Dietary recall) Adults (<60): 
21.4% [95%CI: 18.8, 24.0]; Older 
adults (60+): 14.2% [10.7, 17.6]; 
(Food Frequency Questionnaire) 
Adults (<60): 20.9% [95%CI: 18.5, 
23.2]; Older adults (60+): 16.6% 
[13.6, 19.7]

       

Netherlan
ds

Vellinga, 
2022

Unadjusted mean 
(g/2000kcal), 95%CI 
and p value

Gender: Male: 889g/2000kcal 
[95%CI: 870, 907]; Female: 
898g/2000kcal [877, 918] p > 
0.05 

Age: 1-3: 
1202g/2000kcal 
[95%CI: 1159, 
1246]; 4-8: 
1252g/2000kcal 
[1217, 1288]; 9-13: 
1209g/2000kcal 
[1175, 1243]; 14-
18: 1165g/2000kcal 
[1124, 1206]; 19-
30: 962g/2000kcal 
[921, 1003]; 31-50: 
874g/2000kcal 
[834, 914]; 51-70: 
700g/2000kcal 
[669, 730]; 71-79: 
632g/2000kcal 
[607, 656] p < 
0.001

Education level: Low: 
871g/2000kcal 
[95%CI: 838, 903]; 
Moderate: 
939g/2000kcal [916, 
962]; High: 
850g/2000kcal [830, 
871] p < 0.001 

Degree of 
urbanisation: Low: 
876g/2000kcal [856, 
896]; Moderate: 
898g/2000kcal [868, 
928]; High: 
916g/2000kcal [891, 
942] p < 0.01

    

Miranda, 
2020

Unadjusted mean, SE 
and p value

Age: Adults (18-64): 23.84% (SE: 
0.42); Elderly (65+): 15.96% (SE: 
0.56), p < 0.001

       

Portugal

Magalhães, 
2021

Adjusted beta and 
95%CI

Age by gender (Male (M); Female 
(F)): (45-64 = reference) 3-9: M: 
179g [95%CI: 128, 231]; F: 140g 
[89, 191]; 10-17: M: 327g [277, 
377]; F: 192g [135, 249]; 18-44: 
M: 235g [190, 280]; F: 100g [67, 
133]; 65-84: M: -51g [-93, -9] ; F: 
-63g [-91, -34]

Region by gender 
(Male (M); Female 
(F)): (North = 
reference): Centre: 
M: 0g [95%CI: -51, 
52]; F: 7g [-26, 40]; 
Lisbon 
Metropolitan Area: 
M: 76g [19, 133]; F: 
39g [-3, 81]; 
Alentejo: M: 41g [-
23, 106]; F: 50g [9, 
90]; Algarve: M: 

Education by gender 
(Male (M); Female 
(F)): (>12 years = 
reference): <=6 years: 
M: -68g [95%CI: -124, 
-12]; F: -51g [-86, -
16]; 7-12 years: M: 7g 
[-32, 46]; F: 21g [-6, 
49]

Urbanisation by 
gender (Male (M); 
Female (F)): 
(Predominantly urban 
area = reference): 
Medially urban area: 
M: 1g [95%CI: -65, 
67]; F: -12g [-49, 24]; 
Predominantly rural 
area: M: 0g [-47, 48]; 
F: -21g [-61, 20]

Civil status by gender (Male 
(M); Female (F)): (Single, 
divorced or widowed = 
reference): Married, 
couples: M: -48g [95%CI: -
96, -1]; F: -10g [-38, 17]

Household members by 
gender (Male (M); 
Female (F)): (1-2 = 
reference): 3-4: M: 13g 
[95%CI: -29, 54]; F: -6g 
[-37, 25]; 5+: M: 7g [-63, 
77] ; F: -25g [-79, 29]

Food 
insecurity by 
gender 
(Male (M); 
Female (F)): 
(No = 
reference): 
Yes: M: -43g 
[95%CI: -
109, 23]; F: -
11g [-43, 22]
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32g [-17, 80]; F: 
36g [1, 70]; 
Autonomous 
Region of Madeira: 
M: -7g [-53, 39]; F: 
-23g [-59, 13]; 
Autonomous 
Region of Azores: 
M: 82g [-3, 167]; F: 
40 [-3, 90]

Romero 
Ferreiro, 
2021

Pearson correlation 
coefficient and p-
value

Age: ρ = -0·53, p <0·0001        

Romero 
Ferreiro, 
2022

Adjusted beta, SE and 
p value, p value 
across time

Age (continuous) beta: -0.15 
(SE:0.01) p < 0.001. Across time 
(5-24, 25-49, 50-75): DRECE I 
1991: p < 0.001; DRECE II 1996: p 
< 0.001; DRECE III 2004: p = 
0.014; DRECE IV 2008: p = 0.035

Gender (Male = 
reference) Female 
beta: 1.06 
(SE:0.33), p = 0.01. 
Time trend (Male, 
Female) DRECE I 
1991: p = 0.589; 
DRECE II 1996: p < 
0.001; DRECE III 
2004: p = 0.031; 
DRECE IV 2008: p = 
0.401

Geographical region 
(North-West, North, 
North-East, West, 
Central-South, East, 
South, Canary 
Islands) DRECE I 
1991: p < 0.0001, 
DRECE II 1996: p = 
0.010; DRECE III 2004 
p < 0.001; DRECE IV 
2008: p < 0.001

     

Spain

Blanco-Rojo, 
2019

Unadjusted p-value 
across quartiles of 
UPF intake

Gender (Male, Female) p trend = 
0.39

Age (continuous) p 
trend < 0.001

Education level (No 
formal education, 
Primary, Secondary 
or higher) p trend < 
0.001

Household status 
(Living alone, Living 
with others) p trend < 
0.001

    

Switzerla
nd

Bertoni 
Maluf, 2022

Unadjusted median, 
IQR and unadjusted 
and adjusted p-value 

Gender: Male: 29.2% [IQR: 20.8–
39.9]; Female: 28.4% [19.4, 38.5] 
adjusted p = 0.012

Age: 18-29: 34.8% 
[IQR: 24.5, 45.0] ; 
30-39: 31.8% [22.3, 
42.0]; 40-49: 28.2% 
[20.3, 37.8]; 50-64: 
25.5% [16.9, 36.6]; 
65-75: 26.3% [17.1, 
35.0] adjusted p = 
0.001

Region: German-
speaking: 29.6% [IQR: 
20.9, 39.6]; French-
speaking: 27.2% 
[17.7, 37.1]; Italian-
speaking: 28.0% 
[16.9, 39.4] adjusted 
p = 0.002

Nationality: Swiss: 
29.2% [IQR: 20.3, 
39.0]; Non-Swiss: 
26.1% [17.5, 37.1] 
adjusted p = 0.002

Household status: One 
person: 29.0% [IQR: 18.5, 
40.6]; Two people: 28.1% 
[19.7, 37.3]; Three people: 
28.8% [19.5, 39.7]; Four 
people and more: 30.2% 
[21.5, 40.1] adjusted p = 
0.400

Education level: Primary 
& secondary: 29.1% 
[20.2, 39.7]; Tertiary: 
28.4% [19.6, 38.4] 
adjusted p = 0.060

  

UK

Lam, 2017 Adjusted beta and 
95%CI

Gender (Male, Female): 1.31% 
[95%CI: -0.99, 3.62]

Age (continuous): -
0.16% [95%CI: -
0.24, -0.09]

Household status: 
Other adults in 
household: 0.45% 
[95%CI: −2.07 to 
2.97]; Children in 
household: 0.54% 
[−2.18, 3.26]

National Statistics 
Socio-Economic 
Classification (NS-
SEC): Intermediate vs 
Managerial & 
professional: -1.05% 
([95%CI: −4.11, 2.02]; 
Routine & manual vs 
Managerial & 
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professional: 1.52% 
[95%CI: −1.02, 4.07]

Madruga, 
2022

Adjusted trends over 
time, p value, p for 
interaction between 
linear UPF intake 
trend and 
sociodemographic 
characteristic

Gender: Male: p = 0.393; Female: 
p = 0.983; p for interaction = 
0.413

Age: 1-3: p = 0.639; 
4-10: p = 0.948; 11-
18: p = 0.780; 19-
64: p = 0.805 65+: 
p = 0.278. p for 
interaction = 0.767

Region: England 
North: p = 0.258; 
England 
Central/Midlands: p = 
0.705; England South 
(including London): p 
= 0.687; Scotland: p = 
0.732; Wales: p = 
0.880; Northern 
Ireland: p = 0.218. p 
for interaction = 
0.645

Occupational Social 
Class: Routine & 
manual occupations: 
p = 0.650; 
Intermediate 
occupations: p = 
0.481; Higher and 
lower managerial & 
professional 
occupations: p = 
0.741. p for 
interaction = 0.740

Race/ethnicity: White: p = 
0.559; Mixed ethnic group: p 
= 0.691; Black or Black 
British: p = 0.965; Asian or 
Asian British: p = 0.322; 
Other race: 0.803. p for 
interaction = 0.696

   

Adams, 
2015

Adjusted mean 
intake, beta and 
95%Cis

Gender (Male = reference) 
Female beta: −1.38 [95%CI: −2.67 
to −0.09]

Occupational Social 
Class (Managerial 
& professional = 
reference) 
Intermediate beta: 
0.34% [95%CI: 
−1.12, 1.79]; 
Routine & manual 
beta: 1.60% 
[95%CI: −0.05, 
3.26]

Age: (Continuous) 
beta: −0.18% [95%CI: 
−0.21, −0.14]

     

Rauber, 
2019

Unadjusted mean, SE 
and p value

Age: 1.5-10: 63.53% (SE:0.34); 
11-18: 68.00% (0.4); 19-64: 
54.89% (0.35); 65+: 52.98% 
(0.52); (1.5-10 = reference) all 
age groups p < 0.001

       

Rauber, 
2020

Unadjusted mean, SE 
and p value

Gender: Male: 55.9% (SE:0.6); 
Female: 52.8% (0.4); p < 0.05

Age: 19-29: 59.2% 
(1.3); 30-59: 54% 
(0.4); 60+: 51.8% 
(0.5); p trend < 
0.05

Ethnicity: White: 
55.4% (SE:0.4); Non-
white: 45.4% (1.2); p 
< 0.05

Region: England 
North: 56.1% (SE:0.7); 
England 
Central/Midlands: 
56.6% (1.0); England 
South (including 
London): 51.7% (0.6); 
Scotland: 56.5% (1.1); 
Wales: 55.0% (1.0); 
Northern Ireland: 
58.7% (0.8); (England 
North = reference) 
England South 
(including London) p 
< 0.05;  Northern 
Ireland p < 0.05

Social Class Occupation: 
Routine & manual: 57.3% 
(SE:0.7); Intermediate: 
53.4% (0.8); Lower 
managerial & professional: 
53.8% (0.7); Higher 
managerial & professional: 
50.3% (0.8); linear p-trend < 
0.05
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Nascimento, 
2021

Unadjusted mean 
and 95%CI

Age: 4-10: 65.7% [95%CI: 64.2, 
67.1]; 11-18: 67.1% [65.7, 68.5]; 
19+: 54.0% [53.0, 55.0]

       

Kim, 2019 Unadjusted p-value 
across quintiles of 
UPF intake

Age (continuous) p < 0.001 Gender (Male, 
Female) p < 0.001

Race/ethnicity (Non-
Hispanic white, Non-
Hispanic black, 
Mexican American, 
Other) p < 0.001

Poverty level (<130%, 
130-<350%, ≥350%) p 
< 0.001

Education level (Less than 
high school, High school, 
More than high school) p < 
0.001

   

Juul, 2021 Adjusted trends over 
time (2001-2 to 2017-
18), p-trend values  
adjusted for multiple 
comparisons by 
calculation of false 
discovery rate q 
values, and p for 
interaction between 
linear UPF intake 
trend and 
sociodemographic 
characteristic

Gender over time: Male: p-trend 
= 0.001; Female: p-trend = 0.002; 
p for interaction = 0.06

Age over time: 20-
39: p-trend = 
0.015; 40-59: p-
trend = 0.001; 60+: 
p-trend = 0.001; p 
for interaction = 
0.15

Ethnicity over time: 
Non-Hispanic white: 
p-trend = 0.001, Non-
Hispanic black: p-
trend = 0.001; 
Hispanic: p-trend = 
0.081; p for 
interaction = 0.31

Education over time: 
High school degree: 
p-trend = 0.001, High 
school graduate: p-
trend = 0.013; Some 
college: p-trend = 
0.001; College 
graduate: p-trend = 
0.049; p for 
interaction = 0.24

Income over time: <130%: p-
trend = 0.024, 130-<350%: 
p-trend = 0.001, ≥350%: p-
trend = 0.001; p for 
interaction = 0.26

   

Juul, 2018 Unadjusted p-value 
across quintiles of 
UPF intake

Gender (Male, Female) p = 0.009 Age (continuous) p 
< 0.001

Race/Ethnicity (Non-
Hispanic white, Non-
Hispanic black, 
Hispanic, Other) p < 
0.001

Education level (<9th 
grade, 9th-11th 
grade, High school 
graduate/GED, Some 
college, College 
graduate or higher) p 
< 0.001

Marital status (Married, 
Separated/divorced/widowe
d, Not married) p < 0.001

Family income/poverty 
ratio (<130%, 130-
<350%, ≥350%) p < 
0.001

  

Baraldi, 
2018

Adjusted mean intake 
and 95%CI, and p 
value for linear time 
trend

Gender: Male: 58.3% [95%CI: 
57.6, 59.0]; Female: 58.8% [58.1, 
59.5]; p linear trend across time: 
Male = 0.0368; Female = 0.1834 

Age: 2–9: 65.9% 
[95%CI: 65.0, 66.8]; 
10-19: 66.8% [65.9, 
67.7]; 20-39: 59.5% 
[58.7, 60.3]; 40-59: 
55.2% [54.1, 56.4]; 
60+: 52.8% [51.9, 
53.7]; p linear 
trend <0.05; p 
linear trend across 
time: 2-9 = 0.4518; 
10-19 = 0.0128; 20-
39 = 0.3529; 40-59 
= 0.3821; 60+ = 
0.1800

Education: Less than 
high school: 59.55 
[95%CI: 58.4, 60.6]; 
High school: 59.7% 
[59.1, 60.3]; College: 
55.9% [54.6, 57.2]; p 
linear trend < 0.05; p 
linear trend across 
time: Less than high 
school = 0.1632; High 
school = 0.0122; 
College = 0.4667

Family 
income/poverty ratio: 
≤1.30: 59.6% [95%CI: 
58.6, 60.7]; 1.31–
3.50: 58.7% [57.8, 
59.7]; >3.50: 57.7% 
[56.9, 58.6]; p linear 
trend < 0.05; p linear 
trend across time: 
≤1.30 = 0.1910; 1.31-
3.50 = 0.0380; >3.50 
= 0.2310

Race/ethnicity: Non-
Hispanic white: 60.2% 
[95%CI: 59.4, 60.9]; Non-
Hispanic black: 60.6% [59.7, 
61.5]; 54.8% [53.2, 56.3]; 
Mexican-American: 54.8% 
[53.2, 56.3]; Other Hispanic: 
52.0% [50.3, 53.7]; Other: 
49.6% [47.3, 51.8]; p linear 
trend < 0.05; p linear trend 
across time: Non-Hispanic 
white = 0.0749; Non-
Hispanic black = 0.1512; 
Mexican-American = 0.0501; 
Other Hispanic = 0.2563; 
Other Race = 0.4002

   

US

Steele, 2022 Unadjusted mean, SE 
and p value

Gender: Male: 55.9% (SE:0.6); 
Female: 55.0% (0.5); p = 0.123

Age: 20-39: 58.9% 
(SE:0.6) (a); 40-59: 
54.6% (0.8) (b); 
60+: 52.2% (0.6) 

Race/ethnicity: 
Mexican American: 
53.6% (SE:0.5) (c); 
Other Hispanic: 

Income:poverty ratio: 
<1.30: 57.9% (SE:0.7) 
(a); >1.30–3.50: 
56.9% (0.7) (a); >3.50: 

Education level: <12 years: 
55.9% (0.9) (a); 12 years: 
59.6% (0.8) (b); >12 years: 
54.0% (0.5) (a); p for trend < 
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(c); p for trend < 
0.001 (unlike 
letters (a-c) are 
significantly 
different p < 0.05)

47.6% (1.0) (a); Non-
Hispanic white: 57.2% 
(0.5) (b); Non-
Hispanic black: 57.3% 
(0.8) (b); Other race 
(including multi-
racial): 45.1% (1.4) 
(a); p < 0.001; (unlike 
letters (a-c) are 
significantly different 
p < 0.05)

53.3% (0.6) (b); 
Missing: 52.5% (1.3) 
(b); p < 0.001; (unlike 
letters (a-b) are 
significantly different 
p < 0.05)

0.001; (unlike letters (a-b) 
are significantly different p < 
0.05)

Yang, 2020 Unadjuated median 
intake, IQR and p 
value

Gender: Male: 55.0% [IQR: 48.4, 
61.7]; Female: 54.8% [47.8, 61.4]; 
p = 0.325

       

Steele, 2020 Unadjusted mean, SE 
and p value

Gender: Male: 58.4% (SE:0.4); 
Female: 58.2% (0.5); p > 0.05

Age: 6-11: 68.2% 
(SE:0.5); 12-19: 
66.9% (0.7); 20+: 
55.9% (0.4); linear 
p-trend < 0.05

Race/ethnicity: 
Mexican American: 
56.8% (SE:0.5) (a); 
Other Hispanic: 
53.5% (0.9) (b); Non-
Hispanic white: 59.6% 
(0.5) (c); Non-
Hispanic black: 61.4% 
(0.8) (c); Other race 
(including multi-
racial): 48.6% (1.0) 
(d); p < 0.001; (unlike 
letters (a-d) are 
significantly different 
p < 0.05)

Family 
income:poverty ratio: 
<1.30: 60.5% (SE:0.7) 
(c); >1.30–3.50: 
59.5% (0.7) (bc); 
>3.50: 56.3% (0.6) (a); 
Missing: 56.2% (1.2) 
(ab); p < 0.001; 
(unlike letters (a-c) 
are significantly 
different p < 0.05)

    

Zheng, 2020 Unadjusted p-value 
across quartiles of 
UPF intake

Gender (Male, Female) p = 0.004 Age (20-44, 45-59, 
60+) p < 0.001

Race/ethnicity 
(Hispanic, Non-
Hispanic White, Non-
Hispanic Black, Non-
Hispanic Asian, Other 
races) p < 0.001

Marital status 
(Married/Living with 
partner, 
Widowed//Divorced/
Separated/Never 
married) p < 0.001

Education level (< High 
school, High school, > High 
school) p < 0.001

Annual family income (< 
$20000, $20000 to < 
$45000, $45000 to < 
$75000, ≥ $75000) p = 
0.001

  

Steele, 2020 Unadjusted mean, 
95%CI and p value; 
Adjusted mean, 
95%CI and p value 
(place of birth)

Gender: Male: 55.3 [95%CI: 54.5, 
56.2]; Female: 56.2% [55.3, 57.0]

Age: 20-39: 58.1% 
[95%CI: 57.1, 59.0]; 
40-59: 54.9% [53.7, 
56.1]; 60+: 53.9% 
[52.8, 55.0] p for 
linear trend < 0.001

Family 
income:poverty ratio: 
<1.30: 56.9% [95%CI: 
55.6, 58.1]; >1.30–
3.50: 56.8% [55.8, 
57.9]; >3.50: 54.5% 
[53.6, 55.4]; Missing: 
54.4% [52.3, 56.5], p 
< 0.001

Education level: 
<12 years: 55.6% 
[95%CI: 54.1, 57.0]; 
12 years: 58.5% [57.1, 
60.0]; >12 years: 
54.9% [54.1, 55.8]; p 
for linear trend = 
0.023

Race/ethnicity: Mexican 
American: 54.0% [95%CI: 
53.0, 55.0]; Other Hispanic: 
49.1% [47.3, 50.9]; Non-
Hispanic White: 57.4% [56.4, 
58.3]; Non-Hispanic Black: 
59.4% [58.0, 60.8]; Non-
Hispanic Asian: 38.3% [36.9, 
39.7]; Other race (including 
multi-racial): 57.5% [54.4, 
60.5]

Place of birth 
(adjusted): US-born: 
57.9% [95%CI: 57.3, 
58.5]; p < 0.001; 
Foreign-born: 45.4% 
[44.0, 46.8] p < 0.001

  

Pachipala, 
2022

Unadjusted mean, 
95%CI and p value

Race/ethnicity: Non-Hispanic 
Asian American: 39.3% [95%CI: 

Gender within 
ethnicity (Male, 

Age within ethnicity 
(18-24, 25-44, 45-64, 

Marital status within 
ethnicity (Married, 

Education level within 
ethnicity (<High school, High 

Family income:poverty 
ratio within ethnicity 
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38.1, 40.5]; Non-Hispanic White: 
57.7% [56.9, 58.5]; Non-Hispanic 
Black: 60.1% [58.8, 61.3]; 
Hispanic: 52.7% [51.7, 53.6]; 
Non-Hispanic Other: 57.7% [55.8, 
59.6]; (Non-Hispanic Asian 
American = reference) all p < 
0.01

Female): (Non-
Hispanic Asian 
American = 
reference) all p < 
0.01

≥65): (Non-Hispanic 
Asian American = 
reference) all p < 0.01

Separated/divorced/
widowed/Not 
married): (Non-
Hispanic Asian 
American = 
reference) all p < 0.01

school graduate/General 
Equivalency Diploma, Some 
college, ≥College graduate): 
(Non-Hispanic Asian 
American = reference) all p < 
0.01

(<1.30, 1.30-3.49, 
≥3.50): (Non-Hispanic 
Asian American = 
reference) all p < 0.01

Buckley, 
2019

Unadjusted p-value 
across quartiles of 
UPF intake

Gender (Male, Female) p = 0.06 Age group (6-12, 
12-19, 20+) p < 
0.001; Age 
(continuous), p < 
0.001

Race/ethnicity (Non-
Hispanic white, Non-
Hispanic black, 
Mexican American, 
Asian American, 
Other) p < 0.001

Family 
income:poverty ratio 
(<1.30, 1.30-3.49, 
≥3.50): p = 0.007

    

Kim, 2019 Unadjusted p-value 
across quartiles of 
UPF intake

Gender (Male, Female) p = 0.79 Age group (6-12, 
12-19, 20+) p < 
0.001; Age 
(continuous), p < 
0.001

Race/ethnicity (Non-
Hispanic white, Non-
Hispanic black, 
Hispanic, Asian 
American, Other) p < 
0.001

Family 
income:poverty ratio 
(<1.30, 1.30-3.49, 
≥3.50): p = 0.24

    

Multinati
onal 
across 
Europe 
(22 
countries)

Mertens, 
2021

Unadjusted mean 
intake and p value

Gender (Male (M); Female (F); p 
value): Austria: M:31.7%; F: 
27.6%; 0.551; Belgium: M: 31.9%; 
F: 30.2%; 0.972; Croatia: M: 
18.5%; F: 19.7%; 0.539; Cyprus: 
M: 20.3%; F: 21.4%; 0.826; Czech 
Republic: M: 27.0%; F: 28.2%; 
0.619; Denmark: M: 25.3%; F: 
24.8%; 0.654; Estonia: M: 17.4%; 
F: 18.4%; 0.467; Finland: M: 
31.0%; F: 32.5%; 0.565; France: 
M: 28.4%; F: 29.1%; 0.588; 
Germany: M: 38.0%; F: 38.9%; 
0.393; Greece: M: 20.1%; F: 
23.7%; 0.311; Hungary: M: 
18.0%; F: 17.1%; 0.581; Ireland: 
M: 31.8%; F: 35.3%; 0.121; Italy: 
M: 13.0%; F: 13.8%; 0.447; 
Latvia: M: 32.0%; F: 30.7%; 
0.488; The Netherlands: M: 
37.0%; F: 37.3%; 0.834; Portugal: 
M: 19.8%; F: 24.5%; <0.01; 
Romania: M: 14.6%; F: 15.9%; 
0.403; Slovenia: M: 21.7%; F: 
23.5%; 0.549; Spain: M: 25.0%; F: 
25.3%; 0.947; Sweden: M: 40.6%; 
F: 43.8%; 0.227; United Kingdom: 
M: 39.7%; F: 41.3%; 0.369
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Table 3. Country-level summary associations between each sociodemographic predictor and UPF intake.
 Country Age Gender Race/ethnic

ity
Income / 
income/poverty 
level

Education level Socioeconomi
c status / 
Occupation

Food 
insecurity

Marital status Household 
status

Rural/urbanisation Region of 
country

Immigrant 
status / Country 
of birth

Indigenou
s identity

Australia 
2011/12

Unadjusted: 
younger 

age. 
Adjusted: 

Younger age 

Unadjusted: 
Male or 

gender not 
significant 
Adjusted:  

gender not 
significant

 Unadjusted: 
second/third/fourt

h household 
income quintiles. 
Adjusted: second 
third and fourth 
income quintiles 
(vs. first (lowest) 

quintile).

Unadjusted: lower 
education 

level/less likely to 
be higher 
educated. 

Adjusted: lower 
education level

 Unadjusted: 
greater area-

level 
disadvantage/l

ower 
socioeconomic 
index for area 

(SEIFA). 
Adjusted:  

greater area-
level 

disadvantage/l
ower 

socioeconomic 
index for area 

(SEIFA)

   Unadjusted: living in 
inner regional Australia 
(lower intake in major 

cities). Adjusted: 
rural/urbanisation not 

significant 

 Unadjusted: 
Australian born, 

or Australian 
born or from an 
English country. 

Adjusted: 
Australian- or 

English-speaking-
country-born

 

Barbados 
2012-13

Younger age Gender not 
significant

  Education not 
significant

        

Belgium 
2004 and 
2014-15

2014-15 
Unadjusted: 

Younger 
age. 

Adjusted: 
youngest (3-

5) and 
oldest (51-

64) age

2004 
Unadjusted: 
Males. 2014-

15 
Unadjusted: 
gender not 
significant

  2014-15 
Unadjusted and 

adjusted: 
education not 

significant 

      2014:15 
Adjusted: living 

in Brussels 
capital region or 

Walloon vs. 
Flanders region.

  

Brazil 2008-
9, and 2017-

18

Younger age 2008-9: 
Female

2008-9: 
White 

ethnicity 
(vs. African-
descendent 

or other)

2008-9: Higher 
income 

2008-9: Higher 
education level 

    2008-9: Urban living 2008-9: South 
and South East 

regions of Brazil
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Canada 
2004 and 

2015

2004 
Unadjusted 

and 
Adjusted: 
Younger 

age. 2015 
Unadjusted: 

Younger 
age. From 

2004 to 
2015, 

decrease in 
age-sex 

groups: 2-5, 
6-12, 

adolescent 
females and 

males 13-
18, adult 

females and 
males 19-

54. Increase 
in older 

males and 
females 

55+. Within 
each food 
insecurity 

status: Food 
secure: 

highest UPF 
in  

adolescents, 
Very food 
insecure: 

2004 
Unadjusted 

and adjusted: 
Male. 2015 
Unadjusted: 

Males. Within 
each food 
insecurity 
status: no 
significant 
difference 

between adult 
gender.

 2004: Unadjusted 
and adjusted: 

Family income (per 
capita) not 

significant. 2015 
Unadjusted: 

Income 

2004: Unadjusted 
and adjusted: 

Lower educaton 
level. 2015 

Unadjusted: lower 
education level

 2015 
Adjusted: 

Higher food 
insecurity.

  2004 Unadjusted: Rural 
living. Adjusted: 

rural/urbanisation not 
significant. 2015 

unadjusted: Rural living 

 2004 Unadjusted 
and adjusted: 

Non-immigrant. 
2015 

Unadjusted: 
Non-immigrant

 2015 
Unadjuste

d: 
Indigenou
s identity
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UPF high 
across all 

ages
Colombia 

2005
Unadjusted 
and 
adjusted: 
younger age

Unadjusted 
and adjusted: 
Female

   Unadjusted 
and adjusted: 
higher SES

   Unadjusted and 
adjusted: Urban living

Unadjusted and 
adjusted: Bogota 
region. 

  

Chile 2011-
12

Unadjusted 
and 
adjusted: 
younger age

Unadjusted 
and adjusted: 
gender not 
significant

 Unadjusted and 
adjusted: higher 
family income.

Unadjusted and 
adjusted: head of 
household 
education level not 
significant 

     Unadjusted and 
adjusted: Urban living  

Unadjusted and 
adjusted: 
Metropolitan 
region

  

France 
2006-7 and 

2014-15

2006-7 and 
2014-15 

Unadjusted: 
Younger age

2006-7 and 
2014-15 

Unadjusted: 
Gender not 
significant

  2006-7 
Unadjusted: 

Complete high 
school or above 
(incomplete high 
school with the 

lowest UPF intake). 
2014-15 

Unadjusted: 
Middle school 

more likely to have 
higher UPF intake, 

primary school 
education level 

more likely to have 
lower UPF intake

2006-7 and 
2014-15 

Unadjusted: 
Not retired 

(retired with 
the lowest 

UPF intake): in 
a job 

(employee, 
manual 
worker, 

intermediate 
profession)

2014-15 
Unadjusted: 
Higher food 
insecurity

2014-15 
Unadjusted: 

Single/unmarri
ed couple 

 2006-7 Unadjusted: 
Urban living. 2014-15 

Unadjusted: Living in a 
city with ≥100 000 

habitants with higher 
UPF intake, rural living 

more likely to have 
lower UPF intake 

2014-15 
Unadjusted: 

Region of france 
not significant 

(Paris, 
Northeast, 
Northwest, 
Southeast, 
Southwest)

  

Italy 2010-
13

Adjusted: 
Younger age

Adjusted: 
Female

  Adjusted: 
Education not 
significant

Adjusted: 
Occupation 
(retired with 
lower UPF 
intake vs. 
manual and 
non-manual)

 Adjusted: 
unmarried, 
separated/div
orced or 
widowed (vs. 
being 
married/in a 
couple)

 Adjusted: Urban living Adjusted: North 
Italy (vs. South)
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Korea 2010-
2018 & 
2016-18

Unadjusted 
and 

adjusted: 
Younger age 

Unadjusted 
and adjusted: 

Male

 2010-18: 
Unadjusted: Low 

income. 2010-18 & 
2016-18. 

Unadjusted and 
adjusted: income 

not significant

2010-18 
Unadjusted and 

adjusted: mid/high 
education level 
(high school or 

higher). 2016-18 
Unadjusted: Higher 

education level 
(>12 years of 

education vs. <= 12 
years) Unadjusted 
and adjusted: mid-

high education 
level (high school 

or higher) 

  2016-18 
Unadjusted: 

single/separat
ed/divorced. 

Adjusted: 
marital status 
not significant

Unadjusted: 
single-person 
household (vs. 
multi-person 
household). 

Adjusted: 
household 
status not 
significant

2010-18 Unadjusted 
and adjusted: urban 

living. 2016-18 
Unadjusted: urban 

living. Adjusted: 
urban/rural not 

significant

   

Mexico 
2012

Unadjusted 
and 

adjusted: 
Younger age

Unadjusted 
and adjusted: 
Gender not 
significant

  Unadjusted and 
adjusted: Higher 

head of household 
education level 

(middle school and 
above)

Unadjusted: 
Higher SES 
(lower SES  

less likely to 
have high UPF 

intake). 
Adjusted: mid-

high SES (vs. 
low SES)

   Unadjusted and 
adjusted: Urban living 
(>=2500 inhabitants)

Unadjusted: 
North mexico 
(South Mexico 

less likely to 
have a high UPF 

intake). 
Adjusted: North 

mexico (then 
Central, lowest 

in South Mexico)

  

Netherlands 
2012-16

Younger age Gender not 
significant

  Moderate 
education level (vs. 
low or high)

    Higher degree of 
urbanisation

   

Portugal 
2015-16

Unadjusted: 
Adults (vs. 
elderly). By 

gender 
unadjusted: 
Younger age 
(highest in 

10-17-year-
olds). 

Adjusted: 
younger age 
(highest in 

10-17-year-
olds). 

   Unadjusted and 
adjusted: Higher 

years of education

 By gender 
unadjusted 

and 
adjusted: 

food 
insecurity 

not 
significant.

By gender 
unadjusted: 

single/divorce
d/widowed 

(vs. 
married/coupl
es). Adjusted: 
female marital 

status not 
significant, 

single/divorce
d/widowed 
males (vs 

married/coupl
es males)

By gender 
unadjusted: 3-

4 or >5 
household 

members (vs. 
1-2), Adjusted: 

Household 
status not 
significant

By gender unadjusted 
and adjusted: 

rural/urbanisation not 
significant

By gender 
unadjusted: 

Lisbon 
Metropolitan 
area, Azores 

region. Adjusted: 
Lisbon 

Metropolitan 
area (males), 
Alentejo and 

Algarve region 
(females)
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Spain 1991, 
1991-2008 
& 2008-10

1991 
Unadjusted: 

Younger 
age. 1991-

2008 
Adjusted: 
Younger 

age. 2008-
10 

Unadjusted: 
younger age 

1991-2008 
Adjusted: 

Female. 2008-
10 

Unadjusted: 
Gender not 
significant.

  2008-10 
Undjusted: No 

formal education 
less likely to have 
high UPF intake, 

primary education 
likely to have 

higher UPF intake 
(similar 

proportions of 
secondary or 

higher education 
across quartiles of 

UPF intake) 

   2008-10 
Unadjusted: 
Living with 
people (vs. 

living alone)

 Unadjusted: 
Higher UPF 

intake in the 
Canary islands 
(1991, 1996, 
2004, 2008), 

Northern region 
(1996, 2004, 

2008), 
Northwest 

(2004, 2008), 
West (2004, 

2008), lower UPF 
intake in the East 

(1991, 1996, 
2004), South and 

Central South 
(2008).

  

Switzerland 
2014-15

Unadjusted 
and 

adjusted: 
Younger age

Unadjusted: 
gender not 
significant. 
Adjusted: 

Male 

  Unadjusted and 
adjusted: 

Education not 
significant

   Unadjusted 
and adjusted: 

Household size 
not significant

 Unadjusted and 
adjusted: 
German-

speaking region 
(vs. Italian- and 
French-speaking 

region)

Unadjusted and 
adjusted: Swiss 

national (vs. non-
Swiss national)

 

UK 2008-9, 
2008-12, 
2008-14, 
2008-16, 
2014-16

Crude and 
adjusted: 
Younger 

age. 2008-
16 Adjusted 
trends: no 
significant 

linear trend.

2008-9 
Adjusted: 

Gender not 
significant. 

2008-12 
Adjusted: 

Male. 2008-
16: Male. 
2008-16 
Adjusted 

trends: no 
significant 

linear trend.

2008-16 
Unadjusted: 

White 
ethnicity 
(vs. non-
white). 

2008-16 
Adjusted 

trends: no 
significant 

linear trend.

  2008-9 
Adjusted: 

Occupational 
social class not 

significant. 
2008-12 

Adjusted: 
Occupational 

social class not 
significant. 

2008-16 
Unadjusted: 

lower 
occupational 
social class. 

2008-16 
Adjusted 

trends: no 
significant 

linear trend.

  2008-9 
Adjusted: 
Adults or 

children in 
household not 

significant. 
2008-16 
Adjusted 

trends: no 
significant 

linear trend.

 2008-16 
Unadjusted: 

Northern Ireland 
(lowest UPF 

intake in South 
England 

(including 
London)). 2008-

16 Adjusted 
trends: no 

significant linear 
trend.
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US 1988, 
2001-18, 
2005-14, 
2007-12, 
2009-14, 
2009-16, 
2011-16, 
2011-18, 
2013-14

Unadjusted 
and 

adjusted: 
Younger 

age. 2017-
18: 

Adjusted: 
Oldest 

adults had 
highest 

intake of 
UPF in 2017-
18 (57.4%), 
but lowest 
in 2001-2 
(51.7%). 

1988 
Unadjusted: 

Male. 2005-14 
Unadjusted: 

Female. 2007-
12, 2009-16, 

2011-16, 
2011-18, 
2013-14 

Unadjusted 
and adjusted: 

gender not 
significant 

(gender 
significant in 

one study 
from 2011-16). 

2001-18 
Adjusted 
trends: 

increase in 
males and 

females over 
time.

1988 Non-
Hispanic 

white 2001-
2018 

unadjusted 
and 

adjusted: 
Non-

Hispanic 
black or 

white, 2011-
18: Non-
Hispanic 
black or 

other (other 
race with 

lowest UPF 
intake in 

studies from 
2005-14 and 

2009-16)

1988 Unadjusted: 
Middle 

income/poverty 
ratio (1.3 to <3.5x 
poverty level), less 

likely to have 
higher UPF intake 

with a higher 
income/poverty 
ratio). 2005-18: 

Lower family 
income/poverty 

ratio (either below 
1.3x or below 3.5x), 

or lower annual 
family income 
(income not 

significant in 2013-
14). 2001-18 

Adjusted trends: 
increase in UPF 
intake across all 
income levels. 

2011-18 by 
ethnicity 

unadjusted: higher 
income/poverty 

ratio (non-Hispanic 
Asian American), 

lower 
income/poverty 
ratio (less than 

3.5x: non-Hispanic 
White) 

income/poverty 
ratio not significant 

in Hispanic, non-
Hispanic Other and 
non-Hispanic Black.

1988 Unadjusted: 
Less likely to have 

high UPF intake 
with a less than a 

high school 
education. 2001-

18: Unadjusted and 
adjusted: mid 

education level or 
mid-low education 
level.  2011-18 by 

ethnicity 
unadjusted: lower 

education level 
(non-Hispanic 

White  and non-
Hispanic Other), 

mid-low education 
level (non-Hispanic 

Black), higher 
education level 
(non-Hispanic 

Asian American), 
education level not 

significant in 
Hispanics.

  2005-14 
Adjusted: 

Marital status 
(less likely to 
have a high 

UPF intake if 
married). 
2011-16 

Unadjusted: 
Widowed, 
divorced, 

separated or 
never married 

(vs. 
married/living 

with a 
partner). 

2011-18 by 
ethnicity 

Unadjusted: 
Not married 

(non-Hispanic 
Asian 

American, 
non-Hispanic 

Black and 
Hispanic), 

marital status 
not significant 

in non-
Hispanic 

White or non-
Hispanic 
Other.

   2011-16 
Adjusted: US-

born (vs. foreign 
born, true across 

genders, age 
groups, income 

levels, education 
levels and 

race/ethnicities).

 

Multination
al across 
Europe

 Unadjusted: 
Not significant 
in 21 
countries, 
higher in 
Portuguese 
females
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“Who consumes ultra-processed food? A systematic review of sociodemographic 
determinants of ultra-processed food consumption from nationally representative 
samples” 

1. PRISMA checklist
2. PRISMA abstract checklist
3. Systematic review screening flowchart
4. Screening flowchart for inclusion of full texts
5. Criterion for awarding Newcastle-Ottawa risk of bias stars
6. Newcastle-Ottawa Scale adapted for cross-sectional studies
7. Supplementary analyses

1. PRISMA checklist

Section and Topic Item 
# Checklist item 

Location 
where item 
is reported 

TITLE 
Title 1 Identify the report as a systematic review. Title page 1
ABSTRACT 
Abstract 2 See the PRISMA 2020 for Abstracts checklist. Page 1
INTRODUCTION 
Rationale 3 Describe the rationale for the review in the context of existing knowledge. Page 3
Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses. Page 3
METHODS 
Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies were 

grouped for the syntheses.
Page 4

Information sources 6 Specify all databases, registers, websites, organisations, reference lists and other 
sources searched or consulted to identify studies. Specify the date when each source 
was last searched or consulted.

Page 4

Search strategy 7 Present the full search strategies for all databases, registers and websites, including 
any filters and limits used.

Page 4

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the 
review, including how many reviewers screened each record and each report 
retrieved, whether they worked independently, and if applicable, details of automation 
tools used in the process.

Page 4

Data collection 
process 

9 Specify the methods used to collect data from reports, including how many reviewers 
collected data from each report, whether they worked independently, any processes 
for obtaining or confirming data from study investigators, and if applicable, details of 
automation tools used in the process.

Page 4

10a List and define all outcomes for which data were sought. Specify whether all results 
that were compatible with each outcome domain in each study were sought (e.g. for 
all measures, time points, analyses), and if not, the methods used to decide which 
results to collect.

Page 4Data items 

10b List and define all other variables for which data were sought (e.g. participant and 
intervention characteristics, funding sources). Describe any assumptions made about 
any missing or unclear information.

Page 4

Study risk of bias 
assessment

11 Specify the methods used to assess risk of bias in the included studies, including 
details of the tool(s) used, how many reviewers assessed each study and whether 

Page 5
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Section and Topic Item 
# Checklist item 

Location 
where item 
is reported 

they worked independently, and if applicable, details of automation tools used in the 
process.

Effect measures 12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used 
in the synthesis or presentation of results.

Page 5

13a Describe the processes used to decide which studies were eligible for each synthesis 
(e.g. tabulating the study intervention characteristics and comparing against the 
planned groups for each synthesis (item #5)).

Page 6

13b Describe any methods required to prepare the data for presentation or synthesis, 
such as handling of missing summary statistics, or data conversions.

Page 6

13c Describe any methods used to tabulate or visually display results of individual studies 
and syntheses.

Page 5

13d Describe any methods used to synthesize results and provide a rationale for the 
choice(s). If meta-analysis was performed, describe the model(s), method(s) to 
identify the presence and extent of statistical heterogeneity, and software package(s) 
used.

Page 5

13e Describe any methods used to explore possible causes of heterogeneity among study 
results (e.g. subgroup analysis, meta-regression).

Page 5

Synthesis methods

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized 
results.

Page 5

Reporting bias 
assessment

14 Describe any methods used to assess risk of bias due to missing results in a 
synthesis (arising from reporting biases).

Page 5

Certainty assessment 15 Describe any methods used to assess certainty (or confidence) in the body of 
evidence for an outcome.

Page 5

RESULTS 
16a Describe the results of the search and selection process, from the number of records 

identified in the search to the number of studies included in the review, ideally using a 
flow diagram.

Figure 1, 
Page 5

Study selection 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, 
and explain why they were excluded.

Page 6

Study characteristics 17 Cite each included study and present its characteristics. Page 6
Risk of bias in studies 18 Present assessments of risk of bias for each included study. Table 1
Results of individual 
studies 

19 For all outcomes, present, for each study: (a) summary statistics for each group 
(where appropriate) and (b) an effect estimate and its precision (e.g. 
confidence/credible interval), ideally using structured tables or plots.

Table 1, 
page 6

20a For each synthesis, briefly summarise the characteristics and risk of bias among 
contributing studies.

Page 8-19

20b Present results of all statistical syntheses conducted. If meta-analysis was done, 
present for each the summary estimate and its precision (e.g. confidence/credible 
interval) and measures of statistical heterogeneity. If comparing groups, describe the 
direction of the effect.

Page 8-20

20c Present results of all investigations of possible causes of heterogeneity among study 
results.

N/A

Results of syntheses

20d Present results of all sensitivity analyses conducted to assess the robustness of the 
synthesized results.

N/A

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting 
biases) for each synthesis assessed.

N/A

Certainty of evidence 22 Present assessments of certainty (or confidence) in the body of evidence for each 
outcome assessed.

Page 24/25

DISCUSSION 
23a Provide a general interpretation of the results in the context of other evidence. Page 21-23
23b Discuss any limitations of the evidence included in the review. Page 22-24

Discussion 

23c Discuss any limitations of the review processes used. Page 22-24
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Section and Topic Item 
# Checklist item 

Location 
where item 
is reported 

23d Discuss implications of the results for practice, policy, and future research. Page 24
OTHER INFORMATION

24a Provide registration information for the review, including register name and 
registration number, or state that the review was not registered.

Page 3

24b Indicate where the review protocol can be accessed, or state that a protocol was not 
prepared.

Page 3

Registration and 
protocol

24c Describe and explain any amendments to information provided at registration or in the 
protocol.

Page 3

Support 25 Describe sources of financial or non-financial support for the review, and the role of 
the funders or sponsors in the review.

Page 25

Competing interests 26 Declare any competing interests of review authors. Page 25
Availability of data, 
code and other 
materials

27 Report which of the following are publicly available and where they can be found: 
template data collection forms; data extracted from included studies; data used for all 
analyses; analytic code; any other materials used in the review.

Page 25

From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71

2. PRISMA abstract checklist

Section and 
Topic 

Item 
# Checklist item Reported 

(Yes/No) 
TITLE 
Title 1 Identify the report as a systematic review. Yes
BACKGROUND 
Objectives 2 Provide an explicit statement of the main objective(s) or question(s) 

the review addresses.
Yes

METHODS 
Eligibility criteria 3 Specify the inclusion and exclusion criteria for the review. Yes
Information 
sources 

4 Specify the information sources (e.g. databases, registers) used to 
identify studies and the date when each was last searched.

Yes

Risk of bias 5 Specify the methods used to assess risk of bias in the included 
studies.

Yes

Synthesis of 
results 

6 Specify the methods used to present and synthesise results. In paper

RESULTS 
Included studies 7 Give the total number of included studies and participants and 

summarise relevant characteristics of studies.
Yes

Synthesis of 
results 

8 Present results for main outcomes, preferably indicating the 
number of included studies and participants for each. If meta-
analysis was done, report the summary estimate and 
confidence/credible interval. If comparing groups, indicate the 
direction of the effect (i.e. which group is favoured).

Yes

DISCUSSION 
Limitations of 
evidence

9 Provide a brief summary of the limitations of the evidence included 
in the review (e.g. study risk of bias, inconsistency and 

Yes
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Section and 
Topic 

Item 
# Checklist item Reported 

(Yes/No) 
imprecision).

Interpretation 10 Provide a general interpretation of the results and important 
implications.

Yes

OTHER 
Funding 11 Specify the primary source of funding for the review. In paper
Registration 12 Provide the register name and registration number. Yes

From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 
2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 
10.1136/bmj.n71

3. Systematic review screening flowchart

Title and abstract screening flowchart for full-text eligibility analysis

1. Is it in English?
o Yes, then:

2. Is it a nationally representative cohort of adults?
o Yes or maybe, then:

3. Is it observational?
o Yes or maybe, then:

4. Is there some assessment of individual UPF intake?
o Yes or maybe, then:

5. Designate for full-text screening.

Title and abstract screening flowchart for exclusion

1. Not in English?
o Exclude

2. Not observational? Animal study, RCT, ecological study or review?
o Exclude

3. Not an observational sample of adults, and looks at children only or a subgroup of 
adults eg pregnant females, older adults, with disease?

o Exclude
4. Clearly no assessment of individual UPF intake (e.g based on sales or household 

consumption)
o Exclude

If a paper is in English, is observational, clearly not a subgroup, and defines UPF by NOVA at 
the individual level, and there is any potential report of predictors of UPF intake, then keep 
for FT screening.

4. Screening flowchart for inclusion of full texts

1. Is it in English?
o Yes, then:
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2. Is it an observational study?
o Yes, then:

3. Is it a nationally representative cohort of adults? 
 Is it explicitly stated in the paper that the cohort is nationally 

representative of the country of interest? If it is not explicitly stated, 
are there other papers of the cohort that describe if it is nationally 
representative?

 Does the study focus only on a specific subgroup, or have significant 
subpopulations been excluded? Exclude if so. Understand that and 
allow for some exclusions that may be made based on the diet 
assessment, or minor subgroups for the relevant analysis. 

 Do the participant characteristics match that of the country?  If clearly 
no, then exclude.

 (If relevant) Has there been weighting to match the national 
representation if a biased sample? 

 The authors state it is not generalisable to the nation from 
exclusions/sampling, then exclude 

 (If relevant) If there are multiple countries, is the analysis a nationally 
representative cohort of adults for each country? 

o Yes, then:
4. Is there assessment of individual UPF intake classified by NOVA? 

 Diet assessment through FFQ, 24-hour recall, diet history etc. 
 Is the outcome a measure of total UPF intake (e.g. absolute or relative, 

servings per day, grams per day, energy per day)? 
o Yes then:

5. Is there statistical assessment of sociodemographics with UPF intake? 
 A regression model or descriptive statistics. 
 Must report on at least one sociodemographic factor such as age, 

gender, ethnicity, income, deprivation level, food security, education, 
marital status, urbanisation, residence area/region and the association 
of lower/higher levels/values with UPF intake

 Must include statistical values of the association (p values, confidence 
intervals, beta coefficients), cannot simply state an association.

 If there was no evidence of statistical assessment, authors were 
contacted to provide detail.

o Yes then:
6. Include the paper in the systematic review.

If papers provided nationally representative samples from the same cohort, these are all 
reported. Some papers report the same cohort, but they may be from different years.

After papers included by SD and SQ, authors met to discuss any disagreements. After 
agreement, data was independently extracted.

5. Criterion for awarding Newcastle-Ottawa risk of bias stars:

Page 64 of 67



6

Star given Star not given
Representativeness of the 
sample:

*Nationally representative 
sampling methodology

Sample size *Sampling methodology 
suitable to achieve nationally 
representative sample

Non-respondents: *Table comparing included 
and excluded analytical 
sample based on response 
rate

No comparison of included and 
excluded analytical sample

Ascertainment of the exposure **Validated tool
*Self-report of 
sociodemographic variables

Comparability *Adjustment for one 
sociodemographic variable

No adjustment for other 
sociodemographic variables

*Adjustment for another 
sociodemographic variable

No adjustment for other 
sociodemographic variables

Outcome **Independent diet 
assessment by dietitian
*Food consumption tool (self-
report e.g. 24-hour recall, 
food frequency 
questionnaire)
*Statistical analysis with 
confidence intervals or p 
values

6. Newcastle-Ottawa Scale adapted for cross-sectional studies

Selection: (Maximum 5 stars)

1) Representativeness of the sample:
a) Truly representative of the average in the target population. * (all subjects or random 
sampling)
b) Somewhat representative of the average in the target population. * (non-random 
sampling) c) Selected group of users.
d) No description of the sampling strategy.

2) Sample size:
a) Justified and satisfactory. *
b) Not justified.

3) Non-respondents:
a) Comparability between respondents and non-respondents characteristics is established, 
and the
response rate is satisfactory. *
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b) The response rate is unsatisfactory, or the comparability between respondents and non-
respondents is unsatisfactory.
c) No description of the response rate or the characteristics of the responders and the non-
responders.

4) Ascertainment of the exposure (risk factor): a) Validated measurement tool. **
b) Non-validated measurement tool, but the tool is available or described.* c) No description 
of the measurement tool.

Comparability: (Maximum 2 stars)
1) The subjects in different outcome groups are comparable, based on the study design or 
analysis. Confounding factors are controlled.
a) The study controls for the most important factor (select one). * b) The study control for any 
additional factor. *

Outcome: (Maximum 3 stars)
1) Assessment of the outcome:
a) Independent blind assessment. **
b) Record linkage. ** 
c) Self report. *
d) No description.

2) Statistical test:
a) The statistical test used to analyse the data is clearly described and appropriate, and the
measurement of the association is presented, including confidence intervals and the 
probability level (p value). *
b) The statistical test is not appropriate, not described or incomplete.

This scale has been adapted from the Newcastle-Ottawa Quality Assessment Scale for cohort 
studies adapted for cross-sectional studies from the systematic review, “Bullying and health 
related quality of life among adolescents- a systematic review” (Dubey et al., 2022). 

7. Supplementary analyses

By adjusted analyses

Gender (males with higher intake) became non-significant after adjustment in Australia 
(Marchese et al., 2021).  Gender (males with higher intake) became significant after 
adjustment in UK (Adams & White, 2015), and males became significant with adjustment in 
Switzerland (Bertoni Maluf et al., 2022). Income became non-significant after adjustment in 
Korea (2010-18) (Shim et al., 2021). Differences in UPF intake across social class occupations 
became non-significant after adjustment in the UK (2008-12) (Adams & White, 2015). Marital 
status became non-significant after adjustment in Korea (2016-18) (Sung et al., 2021) , and in 
Portugal in females only (Magalhães et al., 2021). Household status became non-significant 
after adjustment in Korea (2016-18) (Sung et al., 2021), and in Portugal (Magalhães et al., 
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2021). Rurality/urbanisation became non-significant after adjustment in Australia (Marchese 
et al., 2021), Canada (Nardocci et al., 2018), and  Korea (2016-18) (Sung et al., 2021). 
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